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Abstract Improved agro-techniques have been standardized, through research
conducted over several decades, to achieve sustainable productivity and profitability
in coconut farming. Adoption of refined nursery techniques enables production of
quality planting material. Poly bag nursery technique with bio-priming of biofertil-
izer formulations helps in production of superior quality seedlings. The good man-
agement practices validated to improve the productivity in adult coconut palms
include integrated nutrient management, green manuring/cover cropping, soil and
water conservation measures, weed management, irrigation, fertigation and crop-
ping/farming system approach. Fertigation helps to increase the fertilizer use effi-
ciency, saves fertilizer costs, reduces labour requirement and ensures continuous
nutrient supply in tune with crop requirement. Sustainable cropping system models
are evolved to optimize utilization of natural resources and to enhance the economic
viability. Integrated farming involving cultivation of fodder grass in the interspaces
of coconut and integration of animal husbandry enterprises offer significant eco-
logical and economic benefits. Effective formulations of agriculturally important
microorganisms such as nitrogen fixers, plant growth-promoting rhizobacteria and
arbuscular mycorrhizal fungi have been developed as valuable inputs for sustainable
crop production. Lignocellulosic residues from coconut plantations can be con-

G. V. Thomas (P)
ICAR- CPCRI, Vettimoottil House, Vakayar (P.O.), Kerala, India
e-mail: georgevthomas @yahoo.com

V. Krishnakumar

ICAR-Central Plantation Crops Research Institute, Regional Station,
Kayamkulam, Kerala, India

e-mail: dr.krishnavkumar @ gmail.com

R. Dhanapal
B-5, Palaniappa Nagar, PN Pudur, Coimbatore, Tamil Nadu, India
e-mail: ramaswamydhanapal @yahoo.co.uk

D. V. Srinivasa Reddy
ICAR-ATARI, Main Research Station, Bengaluru, Karnataka, India
e-mail: reddydvs @yahoo.com

© Springer Nature Singapore Pte Ltd. 2018 227
K. U. K. Nampoothiri et al. (eds.), The Coconut Palm

(Cocos nucifera L.) - Research and Development Perspectives,
https://doi.org/10.1007/978-981-13-2754-4_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-2754-4_7&domain=pdf
mailto:georgevthomas@yahoo.com
mailto:dr.krishnavkumar@gmail.com
mailto:ramaswamydhanapal@yahoo.co.uk
mailto:reddydvs@yahoo.com

228 G. V. Thomas et al.

verted into brown, granular vermicastings using earthworms. Organic farming prac-
tices with focus on building soil biological fertility foundations through integrated
application of organic and bio-inputs including recycling of waste biomass, in situ
cultivation and incorporation of leguminous cover crops and biofertilizers of
Azospirillum and Bacillus and other cultural practices are combined with micro-
irrigation techniques to obviate moisture stress and enable sustainable coconut pro-
duction, in an environment-friendly way.

7.1 Introduction

The coconut palm, a native of humid tropics, is grown extensively in coastal areas
between the latitudes 26°N and 26°S of the equator. The main coconut-growing
areas are located in Asia, Oceania, West Indies, Central and South America and
West and East Africa, and the major production comes from the Asia-Pacific
region. Though the palm grows up to 1000 m above mean sea level, most of the
commercial coconut cultivation is up to an altitude of 600 m (Ohler 1999).
Conditions near the sea are ideal for vigorous growth and fruiting of the palm, but
it comes up well even hundreds of kilometres in the inland away from the sea. The
coconut palm is also planted widely on banks between fields of other crops. As the
palm has perennial growth habit with a prolonged reproductive phase of 44 months
(from the initiation of the inflorescence primordium to full maturity of the nuts),
the weather conditions at different stages of the development cycle influence the
growth and production of nuts.

Temperature is an important weather factor that has great influence on the growth
and productivity of the palm. The palm prefers less diurnal variation between day
and night temperatures and does not tolerate extremes of temperature. The aberra-
tions in weather such as long spells of hot and dry weather, severe winters and
extremes of temperatures are not favourable for coconut growing. The ideal tem-
perature requirement for vigorous growth and yield of the palm is in the range of
27-32 °C with a diurnal variation of not more than 7 °C. Abnormalities in fruit
development and reduction in yield of palms occur when temperature drops to less
than 15 °C (Child 1974). High temperature during the flowering stage leads to dry-
ing up of the developing inflorescences and results in a decrease in production. The
palm requires plenty of sunlight, and shaded condition does not favour proper
development of the palm. Sunshine in excess of 2000 h in a year, with 120 h of
sunshine per month, is ideal for the better growth of the palm (Menon and Pandalai
1960; Nair 1979). Maintenance of proper level of moisture in coconut basin either
through well-distributed rainfall or irrigation and provision of sufficient drainage in
waterlogged areas is essential for proper growth of the palm. The palm comes up
well in areas receiving well-distributed rainfall ranging from 1000 mm to 3000 mm
annually. Persley (1992) reported that coconut requires an annual rainfall of at least
1800 mm, evenly distributed throughout the year for optimum production. Ideal
relative humidity (RH) for best growth and production is 80-90% (Child 1974). RH
below 60% results in stomata closure that restricts transpiration, while RH higher
than 90% predisposes the palm to a number of diseases.
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The highly adaptable nature of the palm makes it an ideal crop to be cultivated
under diverse soil conditions ranging from littoral sands to clayey soils, ill-drained
low-lying areas to well-drained hill slopes and strongly acidic peaty soils to alkaline
calcareous soils (Khan et al. 1979). In the littoral (coastal) sand which has many
unfavourable features for successful cultivation of many other crops, the coconut
palm can be cultivated provided special care is taken from the early stages of growth
with organic manuring and watering. In the west coast of India, the major soil types
where coconut is grown extensively are laterites, littoral sands and red sandy loams,
while deltaic alluvium, red soils and littoral sand are the major soils along the east
coast of the country. The soil type for the best growth of the palm is found to be del-
taic alluvial followed by red sandy loam. A well-drained soil with a 1.0—1.5 m depth,
rich in organic matter and having good fertility and water-holding capacity, is well
suited. Though the palm tolerates salinity up to a pH of 8.5, a pH range of 5.0-7.5
supports better growth of the palm (John 1952; Nair 1979; Khan et al. 1979).

Coconut farming at the global level is constrained by the low productivity which
is mainly due to lack of proper management, senility, applications of low level of
inputs and poor health of soil. In order to make the farming profitable in the scenario
of worsening climatic conditions and severe constraints on the available natural
resource base, it is necessary to adopt scientific management practices to attain
higher yield per unit area of land, time and inputs. The technological advancements
made so far are of great relevance to achieve sustainable productivity and to enhance
economic viability of coconut farming.

7.2 Quality Planting Material Production

Being the foundation for successful coconut production, the quality of planting
material largely determines the ultimate returns from coconut. As it is a perennial
crop, the yield performance of the crop will be known only after several years of
planting and any mistake in the selection of seedlings leads to considerable eco-
nomic loss to the farmer for several decades. In the absence of a viable technology
for vegetative method of propagation, coconut is propagated only through seeds.
The seedling selection is very important as the palm does not breed true to itself due
to the cross-breeding nature. The fact that certain seedling characters are strongly
correlated with earliness in flowering, nut yield and copra production makes the
seedling selection highly relevant for sustainable coconut farming (Ramadasan
etal. 1993). It is possible to produce quality seedlings through a series of selections
at different stages. Nursery techniques to produce quality seedlings have been stan-
dardized, which involves several steps, viz. selection of seed gardens, selection of
mother palms, collection of seed nuts, storage of seed nuts, site selection and raising
of nursery with proper care and management, as well as selection of seedlings.
Please refer to Chap. 4 on Varietal Improvement for details.
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7.2.1 Collection of Seed Nuts

Suitable time for seed nut collection will vary from country to country and region to
region within the country according to seasonal factors. Maturity and development
of nuts for satisfactory germination and the period of storage required (which
depends on the preparedness for sowing in the nursery) are to be considered.
Generally seed nuts are harvested during February to May in the west coast of India
so that the rains of south-west monsoon can be taken advantage of to sow the nuts
(Menon and Pandalai 1960).

Nuts harvested during April to July and sown during June to September germi-
nated earlier, the average time being 125 days after sowing. However, there is no
harm in collecting seed nuts in other months, if there is a peak coconut yield. But
nuts harvested from August to December and sown during October to February
required a longer time (about 190 days) for germination. However, the total germi-
nation percentage was almost the same for nuts harvested in all months, indicating
that the nuts germinate satisfactorily irrespective of the month of harvest, if proper
nursery techniques are adopted (Nelliat et al. 1976). In the case of East Coast Tall
variety, nuts collected from February to August and stored for 1 or 2 months gave
high percentage of germination (Sundaresan et al. 1974).

Though Nelliat et al. (1976) reported that there is no difference in performance
between palms raised from nuts which are 11 to 14 months old, the generally
accepted practice is to sow 11-12-month-old nuts. While conducting studies on
hybrid seed collection in Cote d’Ivoire, Wuidart and Nuce de Lamothe (1981a)
suggested to collect the bunches when one or two nuts just begin to turn brown.
Nuts under 11 months germinated slowly than 11-12-month-old nuts and gave a
large number of abnormal sprouts. From India, Chattopadhyay and Hore (2012)
observed early and maximum germination and better seedling vigour when seed
nuts with higher weight (1100 g) was used when compared to seed nut with 600 g
weight. Wickramaratne et al. (1987) from Sri Lanka warned that seed nuts should
not be selected or rejected on the basis of size, quantity of nut water or shape, as they
are not strongly correlated with germination. Only immature, empty, exceptionally
small or outsized nuts should be rejected, and all others could be used as seed nuts.

7.2.2 Storage of Seed Nuts

Though the seed nut season starts in February in the west coast of India, the nuts
may have to be stored for about 4 months because the nuts can be sown in the nurs-
ery only with the start of south-west monsoon in June. During this hot period of
storage, care has to be taken to avoid drying of nuts (Menon and Pandalai 1960).
According to Fremond et al. (1966), storage of seed nuts in the shade for 1 month
is essential for breaking the dormancy. Kailash Rao and Srirama Rao (1968) advo-
cated storage of seed nuts for 2 months for the West Coast Tall variety of coconut.
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Marimuthu and Natarajan (2005) also found that to get more quality seedlings, the
seed nuts are to be stored for 1 month in open shade followed by sand curing for 2-3
months. The storage time should be shorter in the case of seed nuts of dwarf variet-
ies of coconut.

Nampoothiri et al. (1973) studied the variation in germination pattern of five
coconut cultivars and one hybrid by harvesting 12-month-old seed nuts at monthly
intervals from February to June and sowing in June (to give storage periods of 4
months, 3 months, 2 months, 1 month and no storage, respectively). They found that
when the number of days taken for germination from the date of harvest was con-
sidered, storage does not appear to be necessary. Prolonged storage of cultivars such
as Laccadive Ordinary and Gangabondam adversely affected germination. Nuts of
Straight Settlement Apricot was found to germinate 50-80 days after harvest, and
sprouts emerge if stored for longer than about 2 months.

7.2.3 Pre-sowing Treatment

Among the many pre-sowing treatments recommended for reducing the period of
germination, soaking of seed nuts in water for a period up to 15 days has been found
to result in quicker and better germination, but in case the period is prolonged, ger-
mination and quality of seedlings will be adversely affected. In an experiment in
Tanzania, water soaking recorded the lowest period for germination (81.1 days) as
against 142.9 days for untreated seed nuts (Thomas 1974). Germination process
was hastened by soaking the nuts in water or in a solution of 0.01 M potassium
nitrate and 0.02 M sodium carbonate for 48 h (Thomas 1974), chopping the husk
from both ends of the nuts as well as injecting different hormones (Liyanage 1952;
Deshpande and Kulkarni 1962) and major and minor nutrients (Menon and Pandalai
1960; Sumathykutty Amma 1964).

A practice that can be followed to improve sprouting is the slicing off of a part of
the husk ridge at the stalk end of the nut above the germination eye. Removal of the
exocarp facilitates penetration of water through the husk, and the moisture will
reach the sprout earlier, providing optimum moisture conditions in the husk for
germination and sprouting. Sometimes a slice of husk is also removed on the oppo-
site side of the nut, permitting easier penetration of the roots through the husk into
the soil (Fremond et al. 1966; Borah 1991; Ugbah and Akpan 2003). Peries (1984)
compared a pre-nursery system (slicing seed nuts and transplanting sprouted seed
nuts from pre-nursery beds to nursery beds, soon after sprouting) with the conven-
tional nursery. Though the rate of sprouting at the end of 20 weeks in the pre-
nursery system was higher (76%) as compared to 67% in the conventional nursery,
the number of quality seedlings produced was more or less the same. The cost of
production of seedlings in the pre-nursery system was more than over 50% of the
conventional nursery. Though slicing the seed nut facilitated sprouting, transplant-
ing sprouted seed nuts from the pre-nursery caused a setback to the development of
the seedlings.
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7.2.4 Nursery Raising Techniques

Coconut seed is not to be sown directly into the field. The nursery practices are
intended to provide optimum conditions for the germination of seed nuts and subse-
quent growth of seedlings so as to get high percentage of quality seedlings from the
nuts sown in the nursery. It also makes watering as well as pest and disease control
easier and more efficient. Selection of good quality seedlings for field planting is
possible only by raising them in a nursery.

Site Selection and Raising Nursery For raising the nursery, the site selected should
be well-drained, with coarse-textured soil and near dependable water source for
irrigation. Raising nursery in open condition is the best; however, it can be raised
anywhere if there is not too much shade as in the coconut garden itself. The seed-
lings become lean and lanky and have an unhealthy appearance under heavy shade.
The layout of the nursery is to be designed according to the irrigation system used.
Beds, which are long and narrow, are to be prepared with provision for walking
space or drains in between, as found necessary.

To facilitate access to the seedlings, these are sometimes planted in double rows,
keeping the spacing at about 15 cm within the row and about 45 cm between rows.
In general, spacing of about 60 cm is kept between the beds in the nursery. When the
seed nuts are sown too close, the emerging seedlings will become etiolated and
lanky. Muliyar and Pillai (1989) suggested keeping a distance of 80 cm between
beds. This will help irrigating the nursery and examination of seedlings from the
sides without getting inside the beds.

Sowing of Seed Nuts The positioning of the soft eye is important, as it is believed
that this affects sprouting (germination). In the Philippines, trimming the edge
(below which the functional eye through which the sprout emerges) and positioning
the nut with the flat surface downward and ridge pointing upward were found to
facilitate sprouting and normal development of seedlings (Anon 1975).

Laying the nuts with the soft eye towards the upper side helps the sprout to
emerge faster, as it would be closer to the surface. Placing the nuts with the soft eye
closer to the lower surface may ensure that the soft eye, and therefore the embryo,
remains in contact with the nut water for a longer period, which might enhance
germination. Since there is no method to determine the position of the soft eye of
the seed nut, it is not possible to position it in the nursery such that early sprouting
is facilitated. Practically, the best planting position of the nuts is horizontal, irre-
spective of which side is lowermost. This will increase the speed of sprouting and
reduce nursery costs considerably (Wickramaratne and Padmasiri 1986). As the
roots grow rather quickly, the position of the soft eye in relation to contact with the
soil will be of only minor importance, provided the nuts are adequately watered.
Romney et al. (1968) opined that seedlings from horizontally placed nuts are less
likely to be damaged at transplanting because the attachment between shoot and
nuts is much better protected by the husk. In Papua New Guinea, the rate of
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germination and subsequent growth of seedlings were much faster in horizontal
sowing than vertical sowing. In 8 weeks from transplanting, 47% germination was
recorded for the former method against 39% in the latter (Kenman 1973). Remison
and Mgbeze (1988) and Chattopadhyay et al. (2004) also reported beneficial effect
of horizontal sowing in comparison with vertical sowing.

In some countries, nuts are planted in a vertical position, permitting the roots to
grow through the husk for a longer time, which is an advantage at transplanting. But
this can be done only with nuts that have enough water to fill almost the entire cav-
ity, such that the haustorium does not lose its contact with the nut water. This method
of sowing will be ideal when the seedlings are to be transported to distant places.

Results of a large-scale trial conducted by Wuidart and Nuce de Lamothe (1981b)
showed that MYD germinates very rapidly and WAT slowly. MYD, RLT and WAT
took 51, 81 and 126 days, respectively, to attain 50% germination. It was concluded
that late germination was influenced by husk moisture, water content of nuts and the
distance separating the haustorium from this water. The differences between variet-
ies are, thus, determined mainly by the time the haustorium takes to reach the water
in the nut’s cavity.

Borah (1991) observed that seed nuts that floated vertically upright in water were
more vigorous than those floating horizontally. The strong and stout seedlings from
such nuts resulted from early germination and less exposure to drought. The coco-
nut water may be absorbed completely within a period of about 5 months, and by
this time about half the kernel may still be left in the nut, available to the developing
seedling.

The seed nuts can be sown in flat beds if the soil is well-drained. Otherwise, they
should be sown in raised beds at a spacing of 40 cm between rows and 30 cm
between the nuts during May—June, either horizontally or vertically in 20-25 cm
deep trenches. Spacing of seed nuts in the nursery is determined based on the dura-
tion for which the seedlings are to be retained in the nursery. In Odisha and Godavari
areas of India, where much older seedlings are preferred for planting, it is usual to
transplant the seedlings when they are 1 year old to a secondary nursery with a spac-
ing of 90—150 cm between seedlings. In Sri Lanka, in the conventional nursery, seed
nuts are laid in the nursery beds spaced at 45 cm between rows and 15 cm within
row and remain there for 7 to 9 months until seedlings are selected for field planting
(Anon 1971). The depth of sowing is to be adjusted such that the husk appears just
above the surface of soil.

7.2.5 Care and Management of Nursery

The seedlings are to be properly maintained with adequate watering, weeding,
fertilizer application and plant protection measures. The nursery beds should also
be kept weed-free by frequent weeding. The most popular method of weeding in
coconut nurseries is hand weeding, though it is labour intensive and time consuming
(Remison and Mgbeze 1987).
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During dry and hot weather, the nursery beds should be mulched and shaded
with dry coconut leaves or any other suitable materials. Mulching with coconut
leaves has been found to promote early and better germination, good growth of
seedlings and recovery of high percentage of good seedlings (Liyanage 1952;
Verghese et al. 1953; Aiyadurai 1954). Remison and Mgbeze (1987) observed that
mulching helped to reduce competition from weeds and to conserve moisture, lead-
ing to increased plant height, plant girth and dry matter of seedlings.

Manuring of Nursery Seedlings Inorganic manures are usually not applied to the
seedlings in the nursery as the intrinsic quality of seedlings is likely to be masked to
some extent making a proper selection of seedlings difficult (John 1952). The seed
nut contains adequate nutrients to meet the needs of the growing plant, at least up to
the field planting stage. Maravillaetal. (1978) pointed out that the non-responsiveness
of seedlings to manure application in the early nursery stages could be due to the
availability of nutrients at sufficient levels to meet its growth requirements from the
endosperm. However, as the nutrient reserve from the endosperm decreases from
the fourth month after germination (Foale 1968b), the need for fertilizer application
to the nursery has been stressed to produce healthy and vigorous seedlings, facilitat-
ing better establishment, faster growth and early bearing in the main field (Ziller and
Fremond 1961; Fremond et al. 1966; Nelliat 1972; Mathew and Ramadasan 1964;
Santiago 1978; Maravilla 1986; Srinivasa Reddy et al. 1998a).

The effect of N on the growth of coconut seedlings was more significant than P
and K (Mathew and Ramadasan 1964). On the other hand, Bachy et al. (1962)
observed in West Africa that excess N has a depressing effect on the growth of the
seedlings. They reported that the application of P-K-Mg fertilizers gave a highly
significant improvement in the vigour of the seedling. In Davao, it was observed that
chloride application significantly increased the girth of the seedlings (Magat and
Prudente 1974). It was also reported that application of KCl and NaCl to coconut
seedlings influenced the growth and increased their resistance to diseases particu-
larly leaf spots (Magat et al. 1977; Abad et al. 1978). Application of nutrients (N, P,
K, Ca and Mg at 120:60:120:90:60 kg ha~! month™!) to the seedlings in the nursery
bed has been found to be beneficial to produce seedlings with proper vigour and
quality as indicated by higher chlorophyll content and nutrient concentration in
leaves (Nelliat et al. 1976). In the Philippines, application of N and K fertilizers in
coconut nursery produced taller seedlings with higher girth and greater vigour index
(Almaden and Santiago 1980). Veloso and Ly (1982) also reported application of
ammonium sulphate and NaCl at 30 g seedling™! produced taller seedlings with
greater girth and lesser degree of leaf spot/blight disease infection compared to
unfertilized seedlings. The collar girth, leaf area, dry matter production and number
of roots were superior with the application of farmyard manure at 25 tonnes ha~!
and 160 kg each N and K fertilizers as soil application in three splits at fifth, seventh
and ninth months after sowing (Srinivasa Reddy et al. 1998a). Embryo-cultured
plantlets were significantly taller and had higher girth and more total leaves than
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unfertilized Laguna Tall and Makapuno seedlings, with application of NaCl at a
total dose of 18-54 g seedling™' and chicken manure at 250-750 g seedling™' (at
2,4,6,8 and 10 months stage) (Ubaldo et al. 2000).

In order to develop a fertilizer mixture that supports the plant growth with simul-
taneous improvement of soil health in Sri Lanka, Ranaweera et al. (2010) evaluated
inorganic fertilizers, organic manures (cattle manure and compost) and biofertiliz-
ers on 8-month-old coconut seedlings of CRIC 65 cultivar. They observed signifi-
cant improvement in growth of seedlings as well as the soil microbial activity with
application of Biogold® and compost. Application of organic manure (neem seed
powder and leaves of gliricidia) and inorganic fertilizers also resulted in production
of quality seedlings of Sri Lanka Tall variety in Pakistan (Solangi and Igbal 2012).
Application of NaCl at 50-60 g seedling™! was recommended in the Philippines,
and it has become a common practice for growing seedlings in the nursery (Magat
etal. 1977).

According to Ho et al. (1978), monthly application of NPK fertilizers from the
second month improved the girth of seedlings. Oguis et al. (1979) found that CI
significantly increased the girth of seedlings, while S greatly increased its height. Of
the ClI sources, NaCl at 30 g C1 (60 g NaCl seedling™") gave the best result followed
by KCI. They also found that 60 g Cl from KCl or higher rates of NaCl significantly
reduced leaf spot incidence compared with higher rates of NH,Cl. Maravilla (1986)
also reported a beneficial effect of application of fertilizers for production of poly
bag seedlings. Under Indian conditions, Ratnambal (1995) suggested application of
20 g (NH,), SO, and 25 g KCI 2 months after germination and 45 g (NH,), SO, and
45 g KCl bag™ 4 months after germination as recommended in Indonesia. It is sug-
gested that nursery manuring is not necessary if seedlings are removed 9 months
after sowing. After this period, the seedling responds to manuring, especially if soil
is of low fertility.

Irrigation of Nursery Irrigation is an important input for promoting early establish-
ment and growth of freshly planted seedlings. The available moisture on the seed
bed has been found to be the crucial factor facilitating germination (Wuidart 1981b).
The nursery is to be watered twice a week or more often according to necessity dur-
ing rainless periods. Peries and Everard (1995) noticed that the vigour of seedlings
was enhanced by a good soil water supply during the early nursery stages combined
with a higher level of solar radiation in the nursery site. Wuidart (1981b) suggested
the following quantities of water every other day: 0—2 months 8§ mm, 2—4 months
10 mm, 4—-6 months 12 mm and > 6 months 15 mm. From 6 months onwards, the
requirement will be about 75 m? of water day~! ha=! so that the hourly discharge of
water should be about 10 m? ha™'. The traditional method practised by farmers in
some parts of India is to place earthen pots of 20 1 capacity at a distance of 75 cm
on either side of the seedling and filling the pots periodically with water, to provide
sufficient moisture for establishment and vigorous growth of seedlings.
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A modified system of raising seedlings is followed in some of the seed garden as
follows:

Germination beds are used to obtain rapid germination and healthy, well-formed
sprouts (Wuidart 1981a). The germinated ones are transferred to the nursey periodi-
cally. These beds should be as close to the nursery beds as possible, to reduce trans-
port and the risk of drying out during transplanting. Placing nuts in a germination
bed before planting out in the nursery has several advantages. In the germination
bed, nuts can be planted much closer than in the nursery bed, saving space, water
and labour. The soil should be friable and well-drained to facilitate the lifting of the
seedlings for transplantation to the nursery and to reduce the risk of termite attack.
Before placing the nuts in the germination bed, the soil should be weeded thor-
oughly. Spacing could be 5 cm between nuts in the row and about 20 cm between
rows, using a density of about 16 seed nuts m? There should be more than 80%
germination in 5 months with optimum management, and seed nuts that do not ger-
minate by such time are to be discarded as failures (Harries 1983). The percentage
recovery can be fixed at the sprouting stage itself, and all the ungerminated seed
nuts can be disposed of (Pillai 1994).

Seedling Selection in the Nursery When the environmental conditions are favour-
able, seed nuts of tall cultivars commence to germinate 11 to 12 weeks after sowing.
The percentage of germination reaches the maximum between the 17th and 18th
week and then commences to decline. In India, nuts which do not germinate within
20 weeks from the date of sowing and dead sprouts are removed from the nursery.

The period between sowing and sprouting depends very much on the variety and
may range from 3 to 6 months, the dwarf nuts sprouting earlier than those from tall
variety. Early germinating and sprouting of seed nuts are related to high leaf produc-
tion, early flowering and high yield. Rigorous roguing out of inferior seedlings in
the nursery is as important as the selection of mother palms and seed nuts. Liyanage
(1955), while analysing the results of a field trial in Sri Lanka to study the compara-
tive effects of selection of seedlings, came to the conclusion that selection of seed-
lings alone will increase the crop yield by 10%. Later on Liyanage and Abeyawardena
(1957) opined that in coconut, seedling vigour is highly correlated with adult palm
characters such as early flowering, nut yield and copra production.

Fernando et al. (1993) studied the variation in seedling characters of 3 different
coconut cultivars and their use in identification in the nursery. In general, the colour
of the petiole and vigour of the seedlings can be used as selection criteria for dwarfs
and hybrids. Seedlings of tall varieties usually grow tall with long leaves and long
and broad leaflets showing late leaf splitting. The percentage of seedlings to be
selected for planting differs depending on whether heterogeneous or homogeneous
nuts are used for sowing. Where a comparatively homogeneous planting material is
used, 65-70% good quality seedlings can be expected from a well-managed nursery
(Nampoothiri et al. 2000). Details on selection of quality seedlings are given in
Chap. 4.
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7.2.6 Poly Bag Nursery for Superior Seedlings

Production of coconut seedlings in poly bags with suitable potting media was first
introduced in 1969 at Céte d’Ivoire to produce vigorous seedlings with the advan-
tage of early production (Wuidart 1981c). The method has many advantages such as
facility for applying homogeneous and regular fertilizer doses leading to better
seedling growth, easiness in handling the plants and providing seedlings with intact
root system without damage for field planting (Foale 1968a; Chang 1978; Harries
1983; Srinivasa Reddy et al. 1996). The improved water-holding capacity of the
potting medium would also help to maintain required moisture for early
germination.

To derive the best benefits from the poly bag system, a pre-nursery is essential,
wherein seed nuts are sown very closely and transplanted in poly bags when the
sprouts are 8—10 cm long. The germinated nuts are taken out at weekly intervals
until about 80% of the nuts are germinated or up to 5 months from sowing which-
ever is earlier. The germinated nut is placed in the half-filled bags with the sprout
planted vertically in the centre of the bag and enough potting mixture is added to fill
the bag up to two-third portion. Care must be taken to see that the collar of the
young seedling is not covered by the potting medium.

The poly bag also facilitates prolonging the nursery period until the environment
is conducive for field planting although no particular advantage has been obtained
by planting older seedlings (Ho et al. 1978). In studies with different methods of
raising seedlings in coconut nursery at the ICAR-CPCRI by Srinivasa Reddy (2000),
better growth with higher number of roots and leaf splitting was observed in poly
bags (14.5 roots and 9.1 split leaves per seedling, respectively) compared to the
conventional bed nursery system (9.5 roots and 4.6 split leaves, respectively). The
above-ground dry matter production of 12-month-old seedlings was also high
(151.6 g seedling™!) compared to 110 g seedling™' in the case of bed seedlings.
Unless seedlings are raised in close proximity to the planting site, the cost of trans-
portation will be high. The extra labour and material costs will also be major con-
straints in production of poly bag seedlings. It is possible to accommodate 25,000
seedlings in a 1 hectare nursery area spaced at 60 cm x 60 cm in triangles.

Potting Media Preparation and Sowing of Seed Nuts Poly bags used for raising
seedlings are made of 0.2 mm-thick black polyethylene (500 gauge), which are
resistant to ultraviolet rays. Sufficient holes should be provided to drain excess
water applied in the bags, but without the risk of the soil drying out. The poly bag
usually takes about 16—18 kg of topsoil (Wuidart 1981c). On coastal clays, topsoil
mixed with sand in the ratio of 3:1 is a suitable mixture for the poly bags (Ho et al.
1978). Researchers in the Philippines (Cano et al. 1989) have recommended the use
of loose friable soil for potting coconut seedlings. The general potting mixture for
raising coconut seedlings in poly bags in Sri Lanka is a 1:2:3 mixture of topsoil,
cow dung and coir dust (Peries and Everard 1991). However, subsequent study by
Perera et al. (1996) indicated that a mixture containing river sand, cow dung and
coir dust (3:2:1) is the best. Among the materials which could be suitable for potting
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mixture, coir dust appears to be the best, considering the weight of roots, root
anchorage and easiness in refilling the bags during different stages of seedling
growth (Bandaranayake et al. (1997).

The study at ICAR-CPCRI, Kasaragod, India, indicated that sowing in potting
mixture medium containing 1:1:1 mixture of red earth, cow dung and sand either in
poly bag or cement tank was beneficial in producing vigorous seedlings (Srinivasa
Reddy 1998). Since the potting mixture is not only costly, but its availability is also
limited, the study on alternative media indicated that sand + vermicompost mixture
in 1:1 proportion and sand + P + K + biofertilizer were similar in response to potting
mixture media in terms of seedling growth, physiological parameters and final seed-
ling vigour (Srinivasa Reddy et al. 2001). The seedlings raised in poly bags
responded to salt at low rates of about 2 g as evidenced from increased girth, height
and leaf number (Remison and Iremiren 1990). The plants tolerated higher levels of
salt, but there was no significant increase in any of the growth parameters.

Laying Out of Poly Bag Nursery With the increasing size of the seedlings, spacing
between bags is also to be increased. In a trial conducted in Nigeria, Iremiren (1986)
found no difference in growth parameters between seedlings raised in poly bags and
seedlings raised in the soil. In this case poly bag seedlings may not have shown any
advantage, because the size of the bags was only 40 cm x 40 cm. Growth parameters
were also similar at spacing treatments of 30 cm x 30 cm, 45 cm x 45 cm,
60 cm x 60 cm and 75 cm x 75 cm, except for height and leaf area index, which
decreased significantly with wider spacing. The size of the nursery bed can be
3 m x 6 m with about 1.5 m spacing between beds. Each bed can accommodate 115
poly bag seedlings arranged in a triangular fashion with 60 cm between bags.
Wauidart (1981b) recommended, as a general rule, spacing of 60 cm x 60 cm (up to
6 months), 80 cm x 80 cm (6-9 months) and 100 cm x 100 cm (9—12 months).

The seedlings removed from the nursery should be planted in the main field as
early as possible, preferably within 10 days (Aiyadurai 1954). Seedlings in poly
bags can be retained in the nursery for longer compared to seedlings planted in the
bed nursery. Pruning of roots is not harmful in younger seedlings which are 7-12
months old, but may cause some delay in establishment and retard growth in older
ones (Patel 1938).

7.2.7 Age of Seedlings for Transplanting in the field

Menon and Pandalai (1960) recommended that as a general rule, under normal con-
ditions, seedlings of 9—18 months of age can be considered suitable for field plant-
ing in many places. At this stage, they will have about 60% of the kernel till left in
the nuts as an available food reserve for the growing seedling, and this will facilitate
their quicker establishment when transplanted out in the field. These seedlings do
not wither quickly and being light in weight, can also be transported easily to other
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places. The optimum time for transplanting seedlings from the nursery to the field
in Solomon Islands is 4-5 months after germination or when the seedlings have
produced a total of 3-5 leaves (Anon 1967). In Fiji Islands also, seedlings with 3—4
leaves in the nursery are generally selected for transplanting in the field (Satyabalan
1976). Early transplanting of coconut seedlings from the nursery to the field has
been recommended in almost all the coconut-growing countries to avoid the shock
sustained during the removal of older seedlings from the nursery (Foale 1968c;
Jenkin and Foale 1968; Sumbak 1968; Sumbak 1970; Anon 1977; Satyabalan 1983;
Romney et al. 1968).

Thampan (1981) reviewed the different practices and norms adopted by the
major coconut-growing countries and concluded that 6-9-month-old seedlings
should be preferred for transplanting under normal conditions, since at this stage,
the seedlings would have developed 3-5 fully opened leaves and a few roots with
adequate availability of stored food in the nut. Satyabalan and Mathew (1983) and
Satyabalan (1984) reported high and positive correlation of growth characters like
collar girth and leaf production of the seedlings from the fifth month of growth of
seedlings with those of the later months. This finding enabled them to identify
palms of superior genetic value based on the growth characters of the progeny even
from the fifth month. Remison (1987) recommended that seedlings should be trans-
planted after 9 months in the nursery in Nigeria. In India, for practical consider-
ations, it is found to be ideal to plant 1-year-old seedlings, especially as it coincides
with the monsoon. The coconut growers in Karnataka (India) prefer 3-year-old
seedlings commonly known as geppe for planting in the main field rather than
9—12-month-old molake (Hanumanthappa et al. 2000). The steps involved for rais-
ing geppe seedlings include transplantation of 12-month-old seedlings from pri-
mary nursery to secondary nursery, where it is planted at a spacing of 1 m in trenches
of 0.1 m?. Farmers’ preference to geppe seedlings is due to their better establish-
ment and early bearing.

7.3 Field Planting

Adequate attention needs to be paid in land preparation like clearing, leveling, ter-
racing and fencing before planting is taken up.

7.3.1 Field Planting Systems

The spacing to be adopted for planting coconut will depend upon the planting sys-
tem, soil type and the type of cropping. Triangular, square, single hedge and double
hedge are the common systems that could be followed. The hedge row system is
based on narrow spacing between palms in the row and large spacing between rows.
In single hedge system, the spacing could be 6.5 m within the row and 9 m between
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rows, whereas the double hedge row system is based on alternation of a narrow spac-
ing (6.5 m) between two rows with a very wide spacing (9 m) between pair of rows.
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The planting distance is generally in the range of 7 m x 7 m to 10 m x 10 m for
tall cultivars, with an average planting density of around 130-180 palms ha=!. A
spacing as close as 5.5 m x 5.5 m is recommended for dwarf palms giving a density
of 400 palms ha' depending on the planting system adopted (Friend 1990).
Adoption of hedge (rectangular) system of planting coconut with wider row spacing
and rows oriented in east-west direction would increase light availability and would
facilitate growing annuals and perennials right from the time of planting coconuts.
Triangular system of planting (equilateral triangle) accommodates 30 palms more
than square system of planting. Multiplication of the number of palms obtained by
square planting (at the same planting distance) by a factor 1.155 gives the approxi-
mate number of palms, which can be planted in triangular system (Abeyawardana
1954).

Whitehead and Smith (1968) in Jamaica, using Jamaica Tall variety on square
system of planting at 6.6 m, 7.5 m, 9.0 m and 10.5 m, observed increase in nut yield
palm™ from the closest (135 palms ha™) to the widest (85 palms ha™!) spacing.
Coomans (1974), from an experiment in Cote d’Ivoire with West African Tall coco-
nuts planted at 26 densities ranging from 123 to 278 palms ha™!, noticed effects of
competition at higher densities, about 2 years before the palms came into bearing;
leaf production was greater and flowering was earlier at the lower densities. The nut
and copra yields palm™ decreased with increasing palm density. In these conditions,
the optimal plantation density was 150 palms ha™'. Comparison of the yield of West
Coast Tall coconut palms planted at 6.6 m, 7.5 m and 9.0 m in triangular method to
have densities of 150,200 and 250 palms ha™! in Kerala, India revealed that the yield
was the highest from plots with 250 palms ha™' (Kannan et al. 1977). In Sri Lanka,



7 Agro-management Practices for Sustainable Coconut Production 241

significant differences were observed by Manthriratna and Abeywardena (1979) in
the mean yield palm™ for both between-row spacings and within-row spacings.
They opined that as far as yield per unit area is concerned, the plant density matters
rather than the ‘rectangularity’ of the system of planting. The number of nuts palm™'
decreased with increasing density with 83 nuts palm at a density of 128 palms ha™!
to 54 nuts palm™ at a density of 239 palms ha™'. From a long-term trial on spacing
and manuring (6.1 m x 6.1 m, 7.6 m X 7.6 m and 9.1 m x 9.1 m) with normal and
double the recommended dose of NPK fertilizers in coconut palms (East Coast Tall)
in Tamil Nadu, India, Louis et al. (1981) reported that though the growth characters
were not affected by various spacings tried, there was forced vertical growth in the
closest spacing tried. Though this also resulted in reduction of yield palm™!, the
yield ha™! was increased due to the compensating effect of number of palms ha=!.
Studies by Fernando and Bandaranayake (1996) on the effect of planting density
(128-239 palms ha™!) on coconut yield in Sri Lanka indicated that nut yield palm™!
decreased with increasing density, but the yield maximized (2.26 tonnes ha™') at a
density of 171 palms ha™' and decreased beyond this. They concluded that density
ranging from 171 to 179 palms ha™! is the optimum for planting coconut in dry-
intermediate zone.

Wickramaratne (1987) suggested that a rectangular system is the best for inter-
cropping, whereas triangular system is ideal for coconut monocropping. The
Coconut Research Institute of Sri Lanka (Anon 1987) recommended planting densi-
ties according to agroclimatic zone (and rainfall) with higher densities in the dry
zone where intercropping is not recommended. Liyanage and Dassanayake (1993)
suggested avenue planting system (e.g. I0m x5 m, 12m x5 mor 15 m x 5 m) with
wider rows in east-west direction to facilitate better light penetration. In Indonesia,
Darwis (1988) recommended new planting at 5 m x 12 m to have population of 160
palms ha~! and wide interrow areas for cultivating other crops. Darwis (1990) indi-
cated that the direction of coconut rows from east to west enables optimal use of
sunlight, thereby minimizing shading of the intercrops.

Ovasuru (1988) reported that in Papua New Guinea, while coconuts were tradi-
tionally spaced at 7 m x 7 m to 9 m x 9 m, some new plantings have been taken up
with wider spacing at 12 m x 12 m to accommodate intercrops such as cocoa.
Intercropping experiments on cocoa with coconut conducted at Thailand, Dootson
et al. (1987) indicated that triangular planting at 8.5 m may be a compromised
option between the optimum for monoculture and the lower density appropriate for
intercropping cocoa. In Tonga, traditionally coconut palms were planted on a
10 m x 10 m grid pattern (Thompson 1988). Some farmers adopt spacings of
5 m x 15 m to allow more light into the interiors to enable more crops to be grown
beneath the coconuts. Opio (1990) discussed about ‘hedge planting’ which is based
on wider spacing between the rows and closer spacing between the palms. Under
such a system, though there is no significant difference in plant population per unit
area compared to the conventional spacing of 9 m x 9 m, yields from hedge planting
are generally higher, sometimes by as much as 25%. In Indonesia, the distance
between the rows is normally much more than the distance between the palms in
each row, creating adequate space for intercropping. This system could be developed
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with the same palm population as the traditional approach but with an option for
intercropping. Research done by the Indonesian Coconut and Other Palmae
Research Institute (ICOPRI) has shown that the combination of 6 m by 16 m (within
and between rows, respectively) is an appropriate arrangement to allow successful
intercropping (Novarianto and Warokka 2006).

7.3.2 Size of Pits and Planting of Seedlings

The type of soil decides the depth of pits to be taken for plating. In areas with later-
ite soil and rocky substratum, deeper and wider pits (1.2 m x 1.2 m x 1.2 m) are to
be dug and filled up with topsoil, powdered cow dung and ash up to a depth of
60 cm before planting. Addition of 2 kg of common salt helps to loosen the soil in
such areas. Arranging two layers of coconut husk, with concave surface facing up at
the bottom of the pit before it is filled up, helps to conserve soil moisture in the pits.
For planting the seedling, take a small pit at the centre of the filled pits (up to 3/4
depth of pit), keep the seedlings, apply fertile topsoil around it, press firmly and
apply water around the seedling. Nelliat (1968) found that irrigation with 45 1 of
water once in 4 days combined with application of 0.15 m?* of red earth in
planting pits prior to planting in littoral sandy soil resulted in quick and vigorous
growth of young palms. In loamy soils with low water table, planting in pits
(1.0 m x 1.0 m x 1.0 m) filled up to 50 cm depth is generally recommended.
However, in places where the water table is high, planting at the surface or even on
mounds becomes necessary. Even under such cases, digging pits and filling have to
be done. If planting is taken up in littoral sandy soil, application of 0.15 m? of red
earth helps to improve the physical characteristics of soil. In areas subject to water
logging, proper drainage is to be provided by making drainage channels. In Kuttanad
region of Kerala, India, where below sea-level cultivation is done, planting of coco-
nut seedlings is carried out on raised bunds.

7.3.3 Time of Planting

Planting the seedlings with the onset of pre-monsoon rains is ideal. In Kerala (India)
and Sri Lanka, planting is undertaken in May—June with the onset of south-west
monsoon. In places where assured irrigation is available, planting can be done at
least a month before the monsoon sets in to allow seedlings to establish well before
the onset of heavy rains. In areas liable to water logging, planting is taken up towards
the end of monsoon. In Tamil Nadu and Andhra Pradesh (India), planting is taken
up during north-east monsoon in October—November.
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7.4 Care of Young Plantation

Availability of sunlight is one of the cardinal principles involved in farming and
coconut is no exception. For enhancing the growth and photosynthetic efficiency of
palms, which leads to early flowering, the seedlings should be planted in the open
space. Ample sunlight, moisture and well-aerated soil are prerequisites for good
establishment of coconut palms. The seedlings, after field planting, are to be pro-
tected from heavy wind by staking and from sunlight by proper shading. The palm
base is to be kept mulched using coconut husk, dry leaves, etc. during the dry period
to conserve soil moisture. Irrigation during summer months is necessary. In case
soil happens to be covering the collar region and leaf axils, its frequent removal is
necessary. The pits are to be widened every year before the application of manure
and gradually filled up as the young plants grow. Necessary remedial measures
should be taken up against diseases and pests as and when required. Please refer to
Chaps. 10 and 12 for details.

7.5 Management of Adult Palms

The management practices to improve the productivity and to achieve sustainable
production from coconut gardens include fertilizer application, green manuring/
cover cropping, soil and water conservation measures, weed management,
irrigation/fertigation, cropping/farming system and organic farming practices.

7.5.1 Fertilizer Application

Coconut is a crop that exports nutrients to the above-ground parts continuously
from a limited volume of soil throughout its existence. The production phenology of
coconut is such that once the palm starts flowering, it continues for decades (pro-
ducing a spadix in the axil of each leaf every month), and therefore, the yield in
coconut depends largely on the number of leaves produced per year. During these
years, considerable quantity of nutrients is removed from the soil. It is, therefore,
essential that a nutritionally rich environment is provided in the root zone of coco-
nut all round the year to realize adequate yields. Soil test-based nutrient application
will ensure judicious supply of nutrients.

Application of fertilizer would be necessary 3 months after transplanting
(Sumbak 1970). ICAR-CPCRI has recommended that one-tenth of the dosage rec-
ommended for adult palms should be applied after 3 months of planting of seedlings
in the main field, 1/3 after 1 year of growth, 2/3 after 2 years and full dosage from
fourth year onwards. The general recommendation from the institute for fertilizing
the adult palms is 500 g N, 320 g P,05 and 1200 g K, O palm~! year~' (Nelliat 1972).
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Under average management of coconut gardens, a minimum of 340 g N, 170 g P,0s
and 680 g K,O palm™' year™' is to be given (Anon 1989). Fertilizers are to be applied
within a radius of 1.8 m and forked in immediately. In the case of rainfed coconut
cultivation, application of fertilizers, in general, is to be made in two splits every
year, 1/3 of the recommended dose after the pre-monsoon showers and the remain-
ing 2/3 applied in September when the south-west monsoon rains recede. However,
in irrigated areas, application in more split doses is better.

Nutrient indexing of West Coast Tall (WCT), Chowghat Orange Dwarf (COD) x
WCT and WCT x COD palms indicated that hybrid palms do not require higher N,
P and K inputs for higher productivity. Studies on rationalization of P application to
coconut palms indicated that if the soil test value is >20 ppm P, its application could
be skipped (Khan et al. 1992). Application of magnesium at 500 g palm~' is advan-
tageous for root (wilt) disease-affected palms to improve the palm vigour (Cecil
1991). Boron deficiency causes characteristic malformation of leaves like hook
leaves, nut cracking, drying of the female flowers and a number of other symptoms.
Soil application of borax at 50 g palm~! twice at monthly intervals after appearance
of the first symptom corrects the deficiency (Baranwal et al. 1989). Please refer to
Chap. 8 for details.

7.5.2 Green Manuring/Cover Cropping

Coconut is predominantly grown in sandy soils which often lack adequate quantity
of organic matter and other major, secondary and micronutrients essential for
growth and yield of coconut. The organic matter status of the soil can be maintained
by the addition of green leaves, compost or farmyard manure (FYM). However, in
many coconut gardens, farmers are unable to apply the required quantities of com-
post or FYM. Hence, cultivation of green manure crops in situ and their incorpora-
tion which is a very convenient and economic method of enhancing the organic
matter status in the soil, is a viable alternative.

Green manuring involves growing of crops, mainly leguminous crops, and incor-
poration of green biomass when they attain the maximum vegetative growth.
Leguminous green manure crops improve the soil structure and N status of the soil.
In addition, they help in releasing plant nutrients, reducing leaching, regulating soil
temperature and enhancing the activity of soil microflora. The nitrogen-fixing
potential of legumes — Rhizobium symbiosis — can be exploited in the interspaces of
coconut through intercropping of green manures, leguminous cover crops and for-
age legumes. Among the six green manure crops evaluated by Vijayaraghavan and
Ramachandran (1989) in Tamil Nadu, India, Desmodium tortuosum was the best
which produced 12.8 kg of green leaf matter basin™! followed by cowpea (Vigna
unguiculata) and sunn hemp (Crotalaria juncea). The dry matter production was
also found to be superior in Desmodium compared to others.

In trials on alley cropping of Leucaena as one or two double-row hedges between
two rows of coconuts in Western Ghats of India, dry matter and organic N from
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seven prunings of L. leucocephala could meet the requirements for green manure
and mulching materials for coconut gardens (Vijayakumar et al. 1986). A series of
experiments on L. leucocephala conducted in Sri Lanka showed that the highest
biomass yield (13.4 t ha™' year™") was obtained in the dry zone on entisols with a pH
of 6.0. Application and incorporation of 30 kg coconut palm™' of fresh loppings of
Leucaena as a green manure around the palm provided the entire N and 20% of P
and K requirements of an adult palm (Liyanage et al. 1993a). Application of fresh
Leucaena loppings in a quarter circle trenches around low-yielding palms on
degraded ultisols resulted in 29% increase in nut production and 51% increase in
copra yield.

Gliricidia sepium lopping is an ideal green manure for coconut palms that supply
significant amounts of N. It is moderately shade tolerant and performs well in acid
soils where Leucaena does not. A well-established gliricidia intercrop is capable of
producing about 8-10 mt ha™' of fresh loppings from three prunings year.
Application of at least 30 kg lopping around each palm can completely replace
inorganic N input and about 20% of P and K requirement of coconut (Liyanage
1994). In addition, G. sepium can enrich the subsoil through N fixation and mining
nutrients from subsoil with its deep root system. G. sepium could be successfully
grown as an intercrop in the coconut garden in littoral sandy soil also for green
manure production (Subramanian et al. 2000). Three rows of G. sepium in between
two rows of coconut palms with three prunings year! resulted in the best biomass
yield (7970 kg ha™). Results showed that application of G. sepium prunings to the
coconut palms could meet a major portion of N (90%) and part of the P and K
requirements (25 and 15%, respectively) of coconut palms.

Solangi et al. (2010) studied the usefulness of G. sepium in coconut plantations
of Pakistan and found that providing about 30 kg of leaves on the surface as mulch
provided sufficient N, P and K for coconut. Ilangamudali et al. (2014) reported
accumulation of soil organic matter due to incorporation of G. sepium. Higher total
N, exchangeable K and Mg as well as higher soil microbial activity observed under
such cases will be helpful to improve soil fertility of degraded coconut lands in
intermediate and dry zones of Sri Lanka. Lekadou et al. (2012) studied the effect of
spatial arrangement and population density of Acacia auriculiformis trees with
coconut palms grown in littoral quaternary sands in Cote d’Ivoire. Though the ini-
tial growth of coconut palms (up to 3 years) was better in sole coconut gardens, its
subsequent growth (5 years after planting) improved when pruning of Acacia and
application of leaves were done. This also improved the N, P and K status. However,
Acacia pruning should be done only 3 years after planting to reduce the depressive
effects on coconut palms.

In cover cropping a semi-permanent vegetation of leguminous creepers is main-
tained in the interspaces of perennial tree crops. It helps in preventing soil erosion
and weed growth and adds organic matter and acts as thick mulch which in turn
improves soil fertility and water-holding capacity. The choice of cover crop depends
on climate, soil as well as age of palms (Bourgoing 1990). Among the four legumi-
nous crops (Atylosia scarabaeoides, Pueraria phaseoloides, Centrosema pubescens
and Calopogonium mucunoides) evaluated for their microbial indices and



246 G. V. Thomas et al.

relationships in a 19-year-old coconut plantation in South Andaman Island (India),
Dinesh (2004) found that the latter two were better suited as cover crops due to their
positive contribution to soil organic carbon, N and microbial activity. From another
study, Pandey and Begum (2010) also observed that growing Pueraria as cover crop
in coconut plantation increased the soil N mineralization rate, mineral N pool and
microbial biomass carbon by 37, 46 and 41%, respectively. In areas where P levels
are low, in order to get optimum benefits out of Pueraria phaseoloides (effective
ground cover and increased nodulation for N fixation), it is necessary to apply phos-
phate fertilizer (Wijebandara 2010).

The technique for utilization of leguminous cover crops as green manures to sup-
ply biologically fixed nitrogen and easily decomposable biomass to coconut was
standardized (Thomas and Shantaram 1984). It involves cultivation of leguminous
creepers such as Pueraria phaseoloides, Mimosa invisa and Calopogonium mucu-
noides in coconut basins during the monsoon period from June to October and
incorporation of the legume biomass in respective basins. During a growth period of
140-150 days, the legumes yielded 15 to 28 kg of biomass and 102 to 197 g of N in
the basin of a coconut palm. Legumes such as cowpea, sunn hemp, etc. can also be
cultivated in coconut gardens to generate large quantities of biomass for recycling.

7.5.3 Soil and Moisture Conservation

The coconut palm, which exhibits simultaneous vegetative and reproductive phases
of growth, requires a regular supply of water to realize and maintain its potential
growth and nut production. As it is generally cultivated under rainfed conditions,
soil moisture stress during the non-rainy seasons is an acute problem, particularly in
sandy or gravelly soils. During extended periods of soil moisture stress, the cells of
the absorption zone of coconut roots were found to be inactive by suberization and
dehydration, thereby adversely affecting the water and nutrient absorption processes
(Vidhana Arachchi 1996a, Vidhana Arachchi et al. 2000). Soil moisture stress is
known to affect the growth of young palms, delay initiation of flowering, increase
shedding of buttons and immature nut fall as well as reduce the number and size of
nuts (Abeywardena 1981).

For reducing surface evaporation and improving water retention under rainfed
conditions and reducing ill effects of soil erosion, various conservation methods
such as (i) mulching with coconut husk, coir dust, green leaves, dried coconut
leaves, etc., (ii) addition of organic manures such as FYM or green leaf manure, (iii)
coconut husk burial (effect lasting for 7 years), (iv) inter-cultivation and (v) bund-
ing/terracing are to be adopted.

Mulching is a simple agro-technique of practical significance to reduce soil
moisture loss and to create suitable agroclimatic conditions for proper growth of
plant roots and soil flora and fauna. Organic materials from plantations having high
moisture holding capacity are ideal for spreading in coconut basins before the
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withdrawal of monsoon when sufficient moisture is available in soil. Mulches
decompose over a period of time and add to the soil organic reserves.

Coir dust, which is a major by-product in coconut fibre industry, could be used
to maintain and improve the organic matter content of depleted soils (Vidhana
Arachchi and Jayasekara 1988). Coir dust, being a spongy material, absorbs ample
quantity of water compared to its weight (Liyanage 1988; Vidhana Arachchi and
Jayasekara 1988; Vidhana Arachchi and Somasiri 1993; Van Holm 1993). In grav-
elly soils, 20% increase in nut yield and 15% increase in copra yield were observed
as a result of burying coir dust. Vidhana Arachchi and Somasiri (1997) suggested
application of 21 tonnes of coir dust ha™! (6.3% or 1:15 coir dust/sand; vol/vol) in
sandy soil to improve moisture and nutrient retention capacities and physical
properties.

Coconut husk, a biodegradable material and because of its plentiful availability
in tropical and subtropical regions, has very good potential as resource for environ-
mentally friendly agricultural purposes. Das et al. (1991) reported 50% increase in
yield after incorporating coconut husks as mulch to the basin of coconut palms.
Manufacture of soil erosion control materials from coconut husk fibre was intro-
duced in the middle of nineteenth century (Ziegler and Sutherland 1997). Sutherland
and Ziegler (2007) reported that natural fibre rolled erosion control systems are
applied on bare slopes as they are biodegradable, less costly, environmentally
friendly and equally effective in reducing erosion and generally provide a favourable
microclimate for biomass production. Utilization of coconut fibre mat or geotextile
as buffer zones on bare soil is found to be highly effective in reducing runoff and
mitigating soil losses.

Liyanage et al. (1993b) and Abeygunawardena et al. (1995) concluded that soil
moisture conservation, using coconut husk and coir dust in lateritic gravel and sandy
soils, is an economically viable proposition. Vidhana Arachchi (1996a, b) found that
75-80% of effective roots of adult coconut palm was localized in a depth range of
20 cm to 80 cm. Neutron probe study also corroborated the result indicating that
such roots were more responsible for extraction of water from the soil profile. Only
about 5% of roots went beyond 100 cm depth. The maximum absorption took place
within a distance of 1 m away from the palm, and therefore, the placement of any
soil moisture conservation measure should target the effective root zone.

Integration of vegetative (intercropping) and engineering measures was found to
be effective for soil and water conservation in coconut plantations located in sloppy
areas (Dhanapal et al. 2002). Contour trench (4 m length x 0.5 m width x 0.5 m
depth) filled with coconut husk with two lines of pineapple in the interspaces of
coconut proved to be the best for soil and moisture conservation in a laterite soil
having a slope of 14-16%. This also minimized loss of soil. The inter-cultivation of
CO-3 grass (hybrid of Bajra x Napier grass) not only reduced runoff but also pro-
duced fodder at 100 tonnes ha™!' year~! in eight harvests. The highest increase in
coconut yield (162%) was observed in the same treatment where the annual nut
yield was increased from 35 nuts palm~' to 93 nuts palm~'. Among the various soil
and water conservation technologies such as half-moon bund, coconut husk burial,
filling trenches with coconut husk, mulching, providing cover crops and catch pits
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adopted by farmers, mulching coconut basins with leaves, or coir pith was more
advantageous compared to other soil and water conservation technologies (Thamban
et al. 2014).

Coastal sandy soils suffer from poor retentive capacity for water and nutrients.
Besides, they also show excessive infiltration due to the porosity of sand, easy
leachability and low inherent fertility status. These problems could be overcome by
adopting certain agro-techniques such as preparing trenches or pits in between
coconut rows and filling with coconut husk or raw coir pith to 5 cm height
(Subramanian et al. 2006).

7.5.4 Irrigation

One of the critical resources required in coconut production is the availability of
water. Though most of the coconut-growing regions are endowed with high rainfall,
the rainy period is confined to a few months during the monsoon season. The palm
experiences moisture stress and drought conditions for varying periods extending
up to 7 months in a year. The adverse effect of moisture stress on the productivity of
coconut has been well established. Utilization of the available water in the most
effective manner by optimizing irrigation schedules and by adopting soil moisture
conservation practices and water harvesting techniques assume particular signifi-
cance in coconut cultivation. According to Prasada Rao (1986), drought produces
injuries to leaves of coconut palm and reduces the yield for several months. Proper
irrigation management of coconut palms leads to maximum productivity and con-
tinuous nut harvest.

In coconut, initiation and differentiation of vegetative and reproductive primor-
dia and enlargement of cells are very sensitive to moisture stress. Severe drought
results in drooping of leaves, breaking of petioles and even death of palms. Even in
the well-managed fields, drought affects the nut yield up to 30% in the succeeding
year. Rao and Vamadevan (1982) have shown that moisture stress period varies
between 14 to 15 weeks in southern parts and 18 to 21 weeks in the northern parts
of Kerala, India. Yusuf and Varadan (1993) summarized the results of water man-
agement studies conducted on coconut by various research workers in India.

7.5.4.1 Water Requirement and Response to Irrigation

In order to maintain the optimum level of water in the plant biomass and to deter-
mine the frequency of irrigation, the assessment of water requirement is essential.
Crop water requirements are expressed by the rate of evapotranspiration (ET) in mm
per day. The evapotranspiration (Eo) together with the crop coefficient (Kc) gives
the water requirement of the crop. Joshi et al. (1988) reported that the water require-
ment of coconut for optimum growth is 20 mm of water at IW/CPE ratio of 1.0.
Rajagopalan et al. (1988) also observed the same in the case of young West Coast
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Tall x Gangabondam (T x G) coconut hybrids, when the palms were irrigated at
30 mm cumulative pan evaporation (CPE). The evapotranspiration rates of 5-year-
old coconut palms (cv. West Coast Tall) grown in an Oxisol on the west coast of
Kerala (determined by soil moisture depletion studies and lysimetric measurements)
increased from 2.9 mm day~' in December to 5.5 mm day™ in April and decreased
to 2.3 mm day~! in June following the onset of monsoon rain (Rao 1989). Jayakumar
et al. (1988) measured the consumptive use of water in 6-year-old irrigated palms
(cv. West Coast Tall; leaf area index 2.4) over a 6-month dry period from November
1986 to May 1987. They reported the consumptive use of water to range from 2.7 to
4.1 mm day~'. The crop coefficient values were 0.54, 0.73, 0.60 and 0.65 by the
Penman, Blaney-Criddle, radiation and US Class-A pan methods, respectively.
Saseendran and Jayakumar (1988) computed the mean yearly consumptive use of
coconut to be 1126 mm (37 1 palm™' day~' for a basin area of 1.2 m?). The yearly
irrigation requirement was estimated to be 4656 1 palm™' spread over the non-
monsoon months of December to May. A stepwise multiple linear regression equa-
tion fitted to the coconut productivity and monthly rainfall data for Kerala state for
the period from 1956—-1957 to 1989-1990 indicated that coconut yield increased as
a result of summer rains in March and May (Babu et al. 1993). The irrigation
requirement of coconut worked out (using the reference evapotranspiration) varied
from 1106 1 in December to 13,91 1 palm~' month~! during May and the total irriga-
tion requirement for 6 months being 7807 1 (Rao 1994).

Soil- and climate-based irrigation schedule study for coconut in Kerala, India,
indicated that requirement of water varied according to the type of soil (Salam and
Mammen 1990). Based on yield trends and irrigation water consumption, irrigation
at 50 mm CPE (cumulative pan evaporation) with 50 mm water was suggested as
the best schedule for irrigating West Coast Tall coconuts during dry spells in the
west coast in Kerala (Jose Mathew et al. 1996). Yields became stable with adequate
irrigation showing minimum fluctuation among harvests during different periods of
the year. A comparison of different irrigation treatments with mature tall palms
growing in a sandy clay loam/clay soil with a low water table (below 5 m through-
out the period) indicated that the best results in terms of yield and economic water
use were obtained with 50 mm water at 50 mm Epan (Mathew et al. 1993a). The
annual irrigation and water requirements, during the non-rainy period, were deter-
mined as 538 mm and 1093 mm, respectively. The consumptive use during this
period was estimated at 272 mm with irrigation: CPE ratio of 1.02.

In Sri Lanka, Vidhana Arachchi (1998b) formulated criteria for the design of a
drip irrigation system for coconuts. Roots at a distance of 0.5 to 1.0 m away from
the base of the palm were responsible for most of the water absorption, and the
highest moisture extraction was observed at I m distance. The maximum flow rate
recommended was 30 1 ha™! for 2.5 h from each of the four drippers placed equidis-
tant in the circumference of a circle of radius 1 m around the base of the trunk. The
evapotranspiration rate of 15-year-old coconut palms (cv. CRIC 60) during the dry
period was 2.52 = 1.12 mm day~!, and therefore, irrigation frequency for coconut
grown in drought-prone gravelly soils of the Andigama series (Red Yellow Podzolic)
was determined to be § days.



250 G. V. Thomas et al.

Using a soil water balance approach, Azevedo et al. (2006) estimated actual
evapotranspiration (ETc) of 6-year-old dwarf green palms grown on sandy soil in
Northeast Brazil over a 2-year period. The irrigation treatments were 50, 100 and
150 1 palm~! day~! equivalent to 1.0, 2.0 and 3.0 mm day~!, respectively, applied
using two sprinklers positioned at 0.8 m apart from each palm, which works out to
2.5,2.9 and 3.2 mm day~!' with cumulative annual totals of 900 mm to 1100 mm at
a planting density of 205 palms ha™! (triangular system at 7.5 m). These are equiva-
lent to 120 1 to 160 1 palm™" day~'. There were no yield differences between treat-
ments in terms of the number of bunches palm=! or the number of fruits bunch~!, but
extra irrigation water increased the volume of water nut™! by about 16%. When
yield was expressed as the number of nuts ha™!, there was a significant 12% yield
loss from applying 1.0 mm day~' compared with 2 mm day~' (equivalent to a reduc-
tion in the number of nuts palm™~' from 93 to 82). Water-use efficiency (WUE) val-
ues decreased with increasing irrigation water level for all productivity parameters.

In a detailed experiment in Vanuatu, Roupsard et al. (2006) monitored water use
of Vanuatu Red Dwarf x Vanuatu Tall Hybrid over a 3-year period in a typical coco-
nut plantation, displaying a constant leaf area index (LAI = 3) and a grass understo-
rey. The eddy flux method was used to estimate actual evapotranspiration (ET) from
the palms and grass understorey and the sap flow method to measure transpiration
(T) from the palms alone. The annual transpiration was 642 mm (ranging monthly
between 1.3 and 2.3 mm day~!), amounting to around 68% of E. ET rates varied
seasonally between 1.8 and 3.4 mm day~' and ETo (Penman-Monteith) from 2.4 to
5.8 mm day~!. At a density of 144 palms ha™!, these ET values equate to 93 to 160 1
palm™' day~". The crop coefficient Kc values averaged 0.79 and 0.59 in the cool and
warm seasons, respectively.

From the studies in the coastal region of Ceara, Brazil, Miranda et al. (2007)
derived Kc values for micro-sprinkler irrigated dwarf green coconut palms over a
32-month period, commencing 11 months from planting. Using the water balance
approach (based on tensiometers), ETc increased from a minimum of 0.52 mm
day~! (25 1 palm™! day™'), at the 11th month after planting, to a maximum value of
5.01 mm day~' (244 1 palm~!day~"'), at the 36th month after planting. Over the same
period, ETo (Penman-Monteith) varied between 3 and 6 mm day~'. During the can-
opy development phase, Kc increased linearly from 0.63 (11 months after planting)
to 1.0 (23 months, when the palms were flowering). During the flowering and fruit
development stage, the average Kc value was 1.02.

Madurapperuma et al. (2009b) used the ‘compensation heat pulse method’
(which has been successfully evaluated on palms in Australia by Madurapperuma
et al. (2009a)) to measure actual water use of mature palms (20 years old) of two
cultivars grown on two contrasting soils in Sri Lanka planted in square system with
a spacing of 8.3 m x 8.3 m (145 palms ha™!). Peak rates of water use differed
between the two cultivars, reaching 13 to 14 1 palm™! h=! for CRIC 60 (a tall x tall
hybrid) but only 9 to 10 I palm=' h~! for CRIC 65 (a dwarf x tall hybrid). Total daily
water use averaged 120 1 palm~'day~! (ranging from 105 to 135 1 palm~! day~") or
1.74 mm day~"' for CRIC 60 and 25% less at 90 1 palm~! day~' (ranging from 75 to
97 1 palm~" day~") or 1.31 mm day~! for CRIC 65. The mean daily ET rate over the
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period of measurement was 3.5 mm giving a Kc value of 0.37 to 0.50. Palms grow-
ing on the water-retentive soil had larger leaf areas and trunk diameters (and hence
more stem water storage) than the corresponding palms grown on the second soil.
In Sri Lanka, CRIC 65 is known for its sensitivity to water stress, while CRIC 60 is
recognized as being drought tolerant.

Yield responses to irrigation have been recorded in field experiments in Kerala,
(India), Sri Lanka and Brazil. Dhanapal et al. (2000a) reported that irrigation
increased the root production in coconut palms in India, which is considered impor-
tant from the point of view of increased WUE as well as better nutrient absorption.
More main roots were produced from one-fourth of the basin area in irrigated palms
(1149-1212) compared to that in rainfed palms (429).

The irrigation requirement of young palms (from 5 to 7 years; cv. WCT) was
reported by Nelliat and Padmaja (1978) in Kerala. The best treatment in terms of
yield of nuts and water use efficiency was the application of 40 mm of irrigation
water during December to May (IW/CPE ratio of 0.75). In this way, an average total
of 680 mm of water was applied in the summer months, yielding a total of 157 nuts
palm~! over the 3 years after the palms came to bearing. By comparison, when the
IW/CPE ratio was 0.5, the total yield was significantly less, at 126 nuts palm=".
Bhaskaran and Leela (1978) conducted a trial in red sandy loam soil for 12 years
with cv. WCT. Four categories of palms, based on yield per palm (poor, < 20 nuts;
low, 20 to 40 nuts; medium, 40 to 60 nuts; and high, 60 to 80 nuts), were selected
for the study. Water was applied at 800 1 palm~" once in a week (equivalent to 2 mm
day™') in 2 m radius basins during the summer months (December to May). The
maximum yield increase of 25.9 nuts in transition period (initial 3 years of the
study) was recorded by ‘low yield group’ closely followed by ‘medium yield group’
recording an increase of 23.4 nuts. ‘High yield group’ recorded comparatively low
increase in yield (12 nuts). This yield increase was mainly attributed to high setting
and high female flower production as nuts from the newly formed bunches will be
ready for harvest only after 3 years. Further assessment of 8 years’ yield revealed an
annual yield increase of 9, 13, 8 and 12 nuts for ‘poor’, ‘low’, ‘medium’ and ‘high’
yield groups, respectively. The average increase over 11 years from the commence-
ment of irrigation was also maximum in ‘low yield group’ (38.3 nuts) followed by
‘medium group’ (32 nuts).

Shanthamalliah et al. (1978) reported that irrigation at 80—100% or 60—100% of
available soil moisture, providing 15 cm-thick coir dust mulch, resulted in maxi-
mum number of leaves and increased girth of stem. The total water requirement was
1591 mm and 1533 mm year™' for maintaining 80-100% of field capacity and
60-100% of field capacity, respectively. Mulching with coir dust reduced water
requirement by about 40-55%.

Nair et al. (1988) reported the results of an irrigation trial for cv. WCT in which
water was applied at 500 1 palm™ in a sandy clay loam soil at different intervals
during the summer months (December to May) over a 5-year period. Compared to
the control (rainfed), significant increase in yield was obtained from the third year
on irrigating palms when the CPE totalled 50 mm. The B/C ratio was the highest
(1.50) in drip irrigation at 100% Eo followed by 66% Eo (1.42), and the water
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saving of the latter was 34% over the former and 43% over basin irrigation (IW/CPE
ratio of 1). The annual yield increase of 30—40 nuts palm~' was reported from
mature coconut palms (cv. WCT) over a 6-year period as a result of irrigation
(Naresh Kumar and Kasturi Bai 2009). In Aliyar Nagar, India, basin irrigation at
4 cm depth and drip irrigation at 100% of Eo generally gave the highest values for
total leaf production, number of spadices, number of female flowers and higher nut
yields in hybrid coconut than the other irrigation treatments (Venkitaswamy et al.
1997). Studies on the effect of mulches and irrigation on young coconut plants in
coastal Karnataka, India, indicated better growth due to drip irrigation and coir pith
mulch (Uthaiah et al. 1993). Hybrids (D xT) planted in a dry climate with supple-
mentary irrigation and NPK fertilizers gave copra yields of 4.1-4.3 tonnes ha™!
year™ during 8-16 years compared to 3.4-3.6 tonnes ha™!' year~!, when manage-
ment input was lower (Daniel et al. 1991).

Irrigation with 20 1 of water applied twice a week or two earthenware pots buried
on either side of the plant and filling them twice a week (27 1 week™") resulted in
better establishment and vigorous growth of the young seedlings (cv. CRIC 60) in
the dry zone of Sri Lanka (Liyanage and Mathes 1989). From a 3-year trial with 3
coconut cultivars, viz. Malayan Yellow Dwarf, Malayan Green Dwarf and Malayan
Red Dwarf (13—16-year-old palms), it was reported that irrigation on alternate days
was highly effective to enhance the yield compared to irrigation at fortnightly inter-
vals (Louis et al. 1980).

More than four decades of research in Sri Lanka has indicated that the cv. CRIC
65 was capable of producing a sustained higher yield than cv. CRIC 60 in the
absence of adverse soil water deficit (Peries 1995). The cumulative yields of nuts
and copra were 50% higher in CRIC 65 than in CRIC 60 over a period of 32 years.
Development, precocity and production of dwarf coconut palms varied under differ-
ent irrigation frequencies varying from 6 to 28 1 palm™' day~' (Miranda et al. 1999).

7.5.4.2 Methods of Irrigation

Irrigation methods commonly adopted in coconut gardens are flooding, basin irriga-
tion, sprinkler or perfo spray and drip irrigation.

Flood Irrigation In this method of irrigation, water is allowed to flood the land
surface under coconut. Flood irrigation was the most common method practised
before the micro systems of irrigation were introduced. However, this method of irri-
gation is still in use only in some of the coconut-growing areas. There are many prob-
lems associated with this type of irrigation such as (1) large quantity of water required
for meeting the water requirement of the palms; (2) deep percolation of water and
leaching of the nutrients away from the root zone, especially in areas with highly
porous soil; (3) difficulty in farm operations especially if the soil is too heavy as in
clay soil; (4) non-uniform wetting; (5) increased cost for electricity; and (6) require-
ment of special land preparation like land leveling and provision of irrigation chan-
nels. The quantity of water required will be around 0.75 1 to 1.00 lakh 1 day™" ha™!
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which is generally given only once in a week or 10 days. In littoral sand, significant
increase in functional leaves and yield were recorded under flood irrigation
(Bhaskaran and Leela 1978), with an estimated cost-benefit ratio of 1:3.

Basin Irrigation In basin irrigation, water is applied to the basins of 1.8 to 2.0 m
radius around the trunk which is the active root zone of coconut. Irrigation channels
are provided in between two rows of coconut, and each basin is connected with the
channel. In this method, there will be loss of water due to deep percolation, seepage
and evaporation. This loss can be reduced by irrigating the basin through hose pipes.
However, there is no control over the flow of water. The main advantages are (1)
saving in quantity of water compared to flood irrigation as only limited area is irri-
gated and (2) application of more uniform quantity of water. Irrigation with 200 1 of
water once in 4 days in the basin of coconut grown in red sandy loam soil has been
recommended for adult palms (Nelliat and Padmaja 1978). Nair et al. (1988)
reported that irrigating coconut with 500 1 of water in basins at cumulative pan
evaporation (CPE) value of 50 mm at an interval of 12 days was economical. A
7-year study with basin irrigation during dry periods at 373 1 palm~! weekly or fort-
nightly, or at 745 1 palm~! fortnightly, indicated that total copra yield increased from
1.59 tonnes ha™' to 2.44 tonnes ha™! by weekly applications in drier years and from
2.28 tonnes ha~'to 2.87 tonnes ha~! in wetter years (Abeywardena 1981). The disad-
vantages of this system are the following: (1) more water is required compared to
drip irrigation; (2) there is a chance of deep percolation and wastage of water, espe-
cially in porous sandy soil; and (3) there is increased weed growth in the basin area.

Sprinkler or Perfo Irrigation Sprinkler irrigation or perfo sprays are most suited for
inter or mixed cropping systems where the entire surface requires wetting. Perfo
irrigation is a kind of sprinkler irrigation where small holes are formed throughout
the pipe through which water is forced out in small sprinkle and wets the gardens.
To wet a 1 hectare garden, approximately 200-300 m of aluminium pipes are
required.

The advantages are as follows: (1) an ideal microclimate is maintained in the
garden, (2) uniform wetting of the soil, (3) intercrops irrigated along with the main
crop and (4) best suited for high-density multispecies cropping system. Irrigation
efficiency is also high in this method compared to basin and flood irrigation.
However, this method requires higher initial investment; sediment in the water may
clog the small pores and affect the irrigation; it is difficult to create the required
moisture stress for some of the crops, which are grown along with coconut (coffee,
pepper), since the system works on high pressure and the pump should work con-
tinuously; there is a chance of water being carried away in drift form if the area is
open and experiences heavy wind; and there will be more weed growth as the whole
garden gets wet.

Liyanage et al. (2008) tested girdle sprinkler system, which is a new approach for
irrigation of coconut. It comprises of 1 kg cm? inlet pressure with sub-mainline hav-
ing 20 mm PVC laterals. While it had 94% distribution uniformity, similar system
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with 16 mm conduit laterals showed 91% distribution uniformity, which could be
considered as an excellent system. This system helps to conserve water as well as
labour compared to hose irrigation. It also has less clogging problems compared to
drip irrigation so that even harvested rain water or water with silt particles could be
used to irrigate with just a screen filter.

Drip Irrigation (Trickle Irrigation) Drip irrigation, a micro-irrigation system, is an
efficient method of providing irrigation water directly to the root zone of plants
facilitating watering close to the crop as per its requirement. The system applies
water under pressure at a low rate to keep the soil moisture within the desired range.
The system has an overall application efficiency of 90% as compared to 25-30% for
surface irrigation. It is ideally suited for widely spaced crops like coconut as it saves
water, energy and labour and WUE is high. It can be adopted in any type of soil
especially in very porous soils and land with undulated topography where any other
type of irrigation can lead to lot of wastage of water and energy.

The characteristic features of drip irrigation (trickle irrigation) method are as
follows: (1) low rate of application, (2) application of water over a long period to
meet the water requirement of the crop, (3) application of water at frequent intervals
to suit the infiltration rate avoiding wastage of water and (4) application of water
near or at the root zone of palms.

A study conducted in Kerala indicated that yield of coconut with drip irrigation
at 30 1 palm™! day~! during January to May was comparable to basin irrigation at
600 1 palm~! week™", achieving 66% saving of water (Varadan and Chandran 1991).
Experiments to evaluate the influence of drip irrigation in comparison with surface
(basin) irrigation in Tamil Nadu, India, revealed that irrigation methods had a sig-
nificant effect on nut yield (Subramanian et al. 1997). Drip irrigation at 40 1 palm™!
resulted in a saving of 40% of water compared with surface irrigation with nut
yields comparable to those produced with surface irrigation. In a low rainfall area in
Tamil Nadu, India, the monthly water requirement of a coconut palm irrigated with
drip irrigation ranged from 55 1 day™' in December to 115 1 day™' in June
(Kulandaivelu 1990). A trial conducted to evaluate the economic viability of drip
irrigation in a full-bearing coconut plantation in Gujarat, India, indicated that it can
save 45-50% water over surface irrigation without any significant reduction in yield
(Kapadiyal et al. 1998).

In drought-prone gravelly soils of the Andigama series (Red Yellow Podzolic) in
Madampe, Sri Lanka, irrigation through four drippers placed equidistant in the cir-
cumference of a circle of radius 100 cm around the base of the palm and discharging
water at 30 1 h™! for 2.5 h wetted a large volume of soil in the effective root zone
(Vidhana Arachchi 1998a). Nainanayake et al. (2008) evaluated the response of
20-year-old palms (grown on a shallow (0.6 m) sandy clay loam soil) to drip irriga-
tion over a period of 2—4 years. Irrigation lowered the temperature of the canopy
microclimate and the nut surface temperature, thereby reducing the possibility of
empty nut formation during dry spells. Irrigation also increased female flower pro-
duction and reduced immature nut fall. Over a 2-year period, application of 80 I of
water palm~! day~! resulted in a 45% yield increase over the control. Reducing the
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quantity of water applied by 50% (40 1 palm~!; 0.65 mm day~!) reduced the yield
benefit to 20%.

Drip irrigation along with mulching will be a useful practice with regard to both
soil moisture conservation and soil temperature regulation in case of littoral sandy
soil. It has been reported from India that the available soil moisture was higher by
22.2 to 28.8% in the drip irrigated basins under mulch compared to drip without
mulch. Similarly, there was a reduction in the soil temperature under irrigated,
mulched plots by 1.6—1.7 °C compared to un-mulched rainfed plots at 15 cm depth
(Maheswarappa et al. 1998b). The mean yield under drip irrigation was 73.3 nuts
palm~! under mulching, whereas it was only 58.8 nuts palm~' without mulching
indicating the beneficial effect of mulching along with drip irrigation. The pooled
data on nut yield for 4 years did not show any significant difference between drip
and basin irrigation treatments in littoral sandy soil. The nut yield under different
irrigation treatments was on par with each other but was significantly superior to
that of rainfed control (26.8 nuts palm~' year~!) (Dhanapal et al. 1998). The benefit/
cost ratio in the drip irrigated coconut garden was 2.02 as compared to 1.68 under
basin irrigation and 1.07 in rainfed gardens. In addition, the payback period for this
investment on the drip irrigation system was only 2 years, thus confirming the eco-
nomic viability of drip systems for coconut gardens. Through adoption of drip irri-
gation system, 80 man-days of labour ha™' could be saved compared to the
conventional basin irrigation system. Bastine and Palanisami (1998), based on the
analysis of irrigation investments in existing and new plantations of coconuts in
mixed cropping system, also reported the economic viability of investment in
irrigation.

A comparative study of irrigation at 66,100 and 133% of Eo along with basin
irrigation at 100% Eo and no irrigation with and without coconut leaf mulch was
undertaken with WCT palms in Kerala, India (Dhanapal et al. 2000b). Water was
applied during December to May through six emitters placed 0.75 m away from
the bole of the palm. The nut yield obtained in drip (at all levels) or basin irriga-
tion was not different, and they suggested adopting drip irrigation at 66% Eo.
The quantity of water to be applied at this level will be 27 1 palm™' day~' during
December to February and 35 1 palm~' day~! during March to May. The number
of dripping points should be six for sandy soils and four for other soil types
(Dhanapal et al. 1999). The rate of water application should be 2-3 1 hour~! emit-
ter~! (Fig. 7.1).

More emitters are required for the sandy soil because the horizontal spread is
only about 50% of that of the laterite and red sandy loam soil and the wetted volume
of active root is only 10.2% for four emitters. The wetted volume with 6 emitters is
15.1% (Dhanapal et al. 2000a). Dhanapal et al. (2003) studied the effect of drip
irrigation in COD x WCT hybrid coconut palms in Kerala, India. For drip irrigation,
water was applied at 2 1 h~! through 4 emitters placed 1 m away from the bole at
equidistance with the help of 4 mm LDPE micro tubes, while water was applied in
basins of 1.8 m radius under basin method of irrigation. The annual leaf production
and leaf nutrient status improved due to irrigation. It was found that drip irrigation
equal to 66% Eo was economically efficient with 34% water saving. They recom-
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Fig. 7.1 Drip irrigation
layout in the coconut basin.
(Dhanapal et al. 1999)
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mended, under Northern Kerala condition, to irrigate coconut palms through drip
method at 27 1 water palm~! day~! during December—January and 32 1 water palm™"
day~! during February—May. Similar results were reported in the case of WCT
palms also (Dhanapal et al. 2004).

Factors which generally differentiate the soil water regime for drip irrigation
from other irrigation systems are as follows: (i) the flow regime is two- or three-
dimensional rather than vertical, (ii) water is added at high frequency and (iii) soil
water is maintained within a relatively narrow range. A minimum of 15-20% of the
active root zone should be wetted to absorb the water required by the palms. As the
effective root zone of coconut palm is confined to 0.75—1.25 m from the bole, it is
recommended to place the emitter or micro tubes 1 m away from bole. The quantity
of water applied influenced the vertical and horizontal movement of water as well
as the volume of root zone wetted in the coconut palm basin. The soil moisture
content in various soil layers also was directly proportional to the rate of water
application (Dhanapal et al. 1995). The per cent volume of active root zone wetted
was 13.6 and 18.2, respectively, in surface and subsurface placement of emitters.
The subsurface placement of emitters covered 35% more volume of the basin and
maintained higher moisture than surface placed emitters. Thus, evaporation loss can
be prevented by allowing water to drip at 30 cm depth by making a pit of 30 cm®. A
conduit pipe of 40 cm may be placed diagonally and the water allowed dripping in
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that pipe. The pit can be filled with locally available mulch or coir pith. Considering
the yield ha™!, cost/benefit ratio and water saving, drip irrigation with 30 1 water
palm~'day~! during October to January and with 40 1 water palm~' day~' during
February to May with four drippers placed at distance of 1 m away from the bole
was recommended by Nagwekar et al. (2006) for WCT palms grown in sandy soil
in Konkan region of India. The productive and economic advantages of drip sys-
tems, designed for areas with limited water supply compared to standard drip sys-
tems designed for full irrigation to meet potential evapotranspiration in Kerala, have
been described by Keller et al. (1992).

7.5.4.3 Irrigation with Saline Water

Pomier and Brunin (1974) in Céte d’Ivoire studied the effect of irrigation with water
having salinity (brackish water) equal to half the seawater (ECw = 23 dS m™') in
coconut grown in soil with predominance of coarse sand. No damage was noticed
on the palms, and the yield of palms under brackish water irrigation increased by
30%. Nagarajan et al. (1975) used seawater, fresh water and their mixtures in the
ratios of 2.5:1 and 1:2.5 for irrigating coconut palms grown in sandy loam soil dur-
ing summer months (December—May) by pot watering at 45 1 of water palm~" irri-
gation™' twice a week in shallow basins. The palms did not suffer salt injury even
though saline water was used for summer irrigation for more than a decade. Although
salinity build-up in the soil as a result of these irrigations was much pronounced,
highly permeable nature of the soil with low water table, leaching effect of rains
(annually 3500 mm) and high salt-tolerant nature of the palms appear to be the
favourable factors offsetting injurious effect, if any, of salinity on the palms.

A study on 1-year-old seedlings planted in sandy soil in Maharashtra, India, and
irrigated with seawater, seawater + fresh water and fresh water indicated the adverse
effect of undiluted seawater on the survival, growth and tertiary root production of
seedlings (Patil et al. 1998). Higher levels of salinity had adverse effect on the
growth of two coconut cultivars, Nigerian Dwarf Green (NGD) and Nigerian Red
Dwarf (NRD) (Amalu 1998). For all parameters, chloride salinity was the most
deleterious to growth followed by sulphate. Lower salinities (<4 mmho cm™)
enhanced growth of seedlings, whereas higher concentrations (>12 mmho cm™)
reduced dry matter production up to 50%.

The quality of tender nuts in relation to salinity of irrigation water was studied by
Ferreira Neto et al. (2002). The increase in salinity of irrigation water (from 0.1, 5.0,
10.0 and 15.0 dSm™") increased the total soluble solids (° Brix) and the electrical
conductivity of coconut water, especially when irrigated with water EC 15 dS m~".
Increasing the salinity of irrigation water, besides reducing the weight and volume
of coconut water, impaired the shape (appearance) of the nut. The chloride and
potassium ions were found to be present in higher proportions. It was concluded
that irrigating with water up to 10 dS m™' can satisfactorily produce tender nut for
marketing.
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7.5.5 Fertigation

Fertigation is an efficient method of fertilizer application through drip irrigation
system. Drip fertigation increases the fertilizer use efficiency, saves fertilizer cost,
reduces labour requirement and supplies nutrients according to the crop demand
besides helping in application of fertilizers exactly and uniformly to the wetted root
zone (Dhanapal et al. 2005). Water soluble fertilizers like urea, diammonium phos-
phate (DAP) and muriate of potash (MOP) can be combined and supplied through
drip irrigation. The other possibility is to use liquid fertilizers which are highly
soluble and therefore do not cause any interference or clogging though it involves
high cost. Through this method, fertilizers can be applied in six equal splits from
December to May at monthly intervals in areas such as in Kerala.

Miguel et al. (2011) evaluated the effect of various doses of N (urea) and K,O
(potassium chloride) under fertigation in development and the production of Ando
Verde coconut palm in Brazil. The number of leaves, canopy diameter, plant height
and other parameters were improved with 2910 g palm~' year~' of K,O and 2353 g
palm~! year~! of N producing the highest production in sixth year of the crop.
However, during the seventh year, the dose of 1540 and 1539 g palm~' year~' of K,O
and N, respectively, promoted maximum production. Though in the east coast
region of Tamil Nadu, India, 100% of recommended dose of fertilizers (RDF) (0.56:
0.32: 1.20 kg N, P,0s, K,O palm~! year™!) was the best for obtaining higher values
of yield attributes and nut yield, in addition to effective build-up of soil available
NPK as well as economic viability. Thiruvarassan et al. (2016) suggested that the
fertilizer application through micro-irrigation may be restricted to 75% of RDF (0.
42: 0.24: 0.90 kg) for obtaining sustainable coconut yields. Similar results were
obtained by Basavaraju et al. (2014) in Karnataka, India, indicating the possibility
of saving 25% of recommended NPK by adopting fertigation.

For West Coast Tall coconut palms, application of 50% of the recommended
dose of fertilizers (0.50:0.32:1.20 kg N, P,0s, K,O palm~! year~!) through drip fer-
tigation was sufficient to produce yield equivalent of 100% of the RDF through soil
application (Subramanian et al. 2012a) (Table 7.1). Fertigation resulted in increased
availability of soil N, P and K, higher annual leaf production and higher photosyn-
thetic activity and production of more female flowers. However, Khandekar et al.
(2016) from Maharashtra reported that application of 100% recommended fertilizer
through drip (1.0 kg N + 0.5 kg P, Os + 1.0 kg K,O palm™!) in eight splits from
October to May and was found suitable to increase yield (113.78 nuts palm~!) with
maximum net returns (Rs.108,000 ha™!) for 28-year-old West Coast Tall variety.

Fertigation with polythene mulching increased the productivity in coconut,
besides ensuring higher efficiency of water, nutrients and profitability in coconut
(Jayakumar et al. 2017). They used different doses of fertilizers (100, 80 and 60%
of recommended dose of 0.50:0.32:1.20 kg of N_P,Os, K,O palm~! year~!) with and
without polythene mulch (100 pm thickness) along with basin irrigation without
mulch in Tamil Nadu, India. All the plant growth characters (plant height, canopy
development, etc.) and yield attributes (spathe length, number of inflorescences,
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Table 7.1 Coconut yield as influenced by fertigation (palm~! year™')

Pre-treatment yield 10 years’ mean data

Treatments No. of female flowers | Nutyield | No. of female flowers | Nut yield
No fertilizer 262 102 226 81

25% NPK (drip) 254 111 280 97

50% NPK (drip) 257 106 306 121

75% NPK (drip) 239 108 294 123
100% NPK (drip) | 248 108 326 131
100% NPK (soil) | 272 114 276 114

number of bunches palm=' year~!) as well as number of nuts bunch™! were maxi-
mum with fertigation using 100% of the RDF with polythene mulching. The num-
ber of nuts was also the highest (292 nuts palm~' year™') in the same treatment.
Besides, gradual reduction in weed population, superior water and nutrient use effi-
ciency and high profitability were observed in all the polythene mulch combination
treatments when compared with other treatments without mulch.

7.5.6 Weed Management

Coconut is generally planted at a wider spacing resulting in growth of a wide range
of annual and perennial weed species. Such weeds compete with coconut for soil
moisture and nutrients, thereby affecting the growth and yield of coconut as well as
obstructing routine cultural practices. Hence, it is necessary to adopt appropriate
weed control measures in coconut plantations.

A variety of weed control methods are available, but Abad (1980) reported that
hand weeding is the most common method of weed control in coconut gardens.
However, if the area is too large and labour is costly, chemical control may become
necessary. Use of kerosene or petrol-operated weed cutters is also common
(Dhanapal et al. 2017). Gunathilake (1985) described the management practices
including raising of cover crops, intercropping with shade-loving crops, cattle graz-
ing or mulching with coconut fronds, husks or slashed weeds around palms in coco-
nut plantations for weed management in Sri Lanka.

In new coconut plantations, weed control was carried out by establishing cover
crops in furrows and spraying with Paracol (paraquat + diuron) at 1.2 kg or diuron
2.4 kg and paraquat 0.55 kg hectare™! between the furrows (Abad 1980). In trials at
the Davao Research Center of the Philippine Coconut Authority, winged bean
(Psophocarpus tetragonolobus L.) was found to be a suitable cover crop in coconut
plantations where it suppressed weeds and improved soil fertility (San Juan and
Abad 1981). Sanico and Laguna (1989) also found that cover cropping with P.
phaseoloides was the most effective method in controlling weeds. Rolling between
coconut rows with a light-weight wooden roller at the time of cover crop sowing
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controlled Imperata in young coconut plantations (Bourgoing and Boutin 1987).
The highest average yield year~' was obtained with clean scraping of the soil sur-
face with inter-cultivation in mature WCT coconuts over a period of 6 years in
Kerala (Mathai 1979).

Senarathne et al. (2003) compared different weed management systems and their
effects on yield of coconut plantations in Sri Lanka. Controlling weeds with glypho-
sate at 1.44 kg ai ha™! resulted in a 25% increase in nut yield over the uncontrolled
weed plots and was found to be the most effective and economical method of weed
control. Senarathne and Gunathilake (2010) evaluated tractor slashing (3 times per
year), cover cropping with P. phaseoloides and buffalo grazing (once a month) for
weed management in mature coconut plantations in Sri Lanka. Though both the lat-
ter treatments could effectively reduce the weed biomass, the yield was the highest
in the buffalo grazing plots, which also gave the highest BC ratio of 1.86. Later on
Senarathne and Perera (2011) reported that cover cropping with P. phaseoloides and
application of glyphosate at 1.44 kg ai ha™! were very effective resulting in 20% and
23% increase in nut yield over the uncontrolled weed plots, respectively.

7.5.7 Leaf Pruning in Coconut

Coconut leaf pruning (CLP) involves the removal of coconut leaves in the lower
whorls of canopy so as to allow adequate sunlight for the normal development and
high yield of perennial and annual crops, grown along with coconut. According to
Sampson (1923), 6-8 lower leaves of a coconut palm which have past their prime
and are of little use to the palm can be removed.

Coconut palms of five age groups, viz. 5, 10, 20, 30 and over 50 years, were
studied to determine the effect of leaf growth in relation to age and the relation
between leaf size and bearing status of such palms by de Silva and Abeywardena
(1970). Leaf growth parameters (leaf length, petiole length and total number of
leaflets) of 10-year-old nonbearing coconut palms were more than those of bearing
palms of the same age. Marar and Padmanabhan (1970) measured the effects of
CLP for a period of 4 years and found that removing old coconut leaves from axils
of which mature nuts had been harvested did not harm palm growth or productivity.
On the other hand, where all opened leaves on one side of the palms were removed
additionally, there was significant decline in average production (45.6 coconuts
palm™! year~' compared to 68.6 nuts before treatment). Bailey et al. (1977) recorded
significant decline in coconut yield due to increased premature fruit shedding fol-
lowing pruning treatments and concluded that defoliation above 40% has long-term
negative effects on the health of palms.

No change in yield was noticed in 55-year-old WCT coconut palms, in which
3-10 of the lower leaves were removed during the 5-month dry season of each year
(January to May) for a period of 5 years (Sudhakara et al. 1989). Magat et al. (1994)
tried maintaining CLP for a longer period of time and got different results. Although
there was once again no decrease in yield during the first year, trees retaining the
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13 younger leaves showed a 29% loss in production of nuts in the second year fol-
lowed by a further 20% reduction in the third year, i.e. a nearly 50% decline in nut
production after 3 years. Treatments retaining the 18 youngest leaves caused no
significant decline and even showed an improved yield in the third year. Thus, it was
concluded that maintaining 18 functional leaves in the crown was sufficient to pro-
vide optimum yield in coconut.

According to Dauzat and Eroy (1997), a possible alternative to choosing a lower
density for intercropping purposes can be the pruning of the coconuts. Their simula-
tions showed that limiting the frond numbers to 18 in coconut stands at regular
densities is quite effective to enhance the light transmission. Pruning seemed to be
a very flexible and cost-effective means to modify the light competition in a coconut-
based farming system. Aterrado and Abad (1998) pointed out that no changes in
yield occurred within the first year of pruning. The effect of pruning was felt a year
after implementation when yield for 95% pruning dropped to 54.4 nuts palm™!
year~' compared to 25% and 50% prunings with 86.8 and 77.1 nuts palm~! year~!,
respectively. Eroy et al. (2001) reported that CLP did not significantly affect the
yield in the first year, but nut and copra yield tree”! had been significantly reduced
by 21% and 17%, respectively, after 2 years.

In areas with a distinct dry period of 3—6 months with a monthly rainfall of <
1000 mm, leaf pruning during nut harvest before the onset of dry season can mini-
mize the adverse effects of drought on the fruit set (Anon 2000a). In cases where
damages of pests occur on lower and older leaves (e.g. attack of Opisina arenosella
Walker, the black-headed caterpillar), pruning of these leaves would serve as a
mechanical control measure. CLP is not recommended for very tall coconut palms
due to the excessive transmission of sunlight under coconut and the difficulty usu-
ally encountered in pruning tall palms (Anon 2000a).

Padrones et al. (2000) from the Philippines reported that higher number of
leaves was produced under pruned coconuts than those under non-pruned coco-
nuts. However, nut and copra production of bearing palms were not significantly
affected by leaf pruning. From a 9-year study on coconut leaf pruning (CLP) in the
Philippines, involving local tall Laguna variety (19-28 years old, 9 m x 9 m trian-
gular planting) intercropped with selected annual food crops (corn, peanut and
sweet potato), Magat et al. (2002) reported reduction in nut and copra yield palm!
with CLP starting at leaf ranks (LR) 19 or 23 and onwards. However, 2.3-2.8%
increase was noted in copra weight nut™!. There was better growth and yield (34%
and 45% increase, respectively) for sun-loving annual intercrops (corn and peanut)
with CLP, whereas the yield was not affected in the case of shade-tolerant sweet
potato. Consequently, CLP contributed to higher income, higher net returns and
benefit/cost ratio (BCR), thus, offsetting any reduction in coconut yield due to CLP
practice eventually achieving optimized total farm productivity and maximum
farm profitability.

Canja et al. (2003) carried out pruning of coconut palm from leaf no.19 (maintain-
ing 18 younger leaves in the crown) and found that the CLP did not affect the yield
and nutrition of coconut palms. Though lower number of nuts and copra yield palm’!
were observed on palms with CLP, there was improvement in copra weight nut.
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From an §-year experiment conducted at the Davao centre, the Philippines, Secretaria
et al. (2003) reported 20-25% decline in the yield of palms pruned to retain 18
youngest leaves. Based on yield reduction coefficients, they have developed yield
predicting models in areas with well-distributed rainfall for local tall and hybrid
coconuts under coconut-based farming system at two pruning levels (retaining 19
and 23 leaves).

Rosenfeld (2009) reviewed the research work done on pruning on the health of
palms including coconut. He summarized the following points relevant to coconut:

(a) Pruning increased the rate of production of new leaves, but size of new leaves
decreased as a result of higher levels of pruning.

(b) Leaf nutrients were not affected much by leaf pruning in healthy palms, but in
nutrient-deficient palms, the symptoms became worse.

(c) There were significant negative effects on nut production when fewer than 18
younger leaves were retained.

The studies taken up so far on leaf pruning in coconut indicate that pruning
retaining 18 functional leaves on the crown is advisable.

7.5.8 Underplanting/Replanting in Coconut

Coconut palms commence full production at the age of 10-16 years which contin-
ues at an increasing rate between 30 and 40 years and thereafter starts to decline
(Nelliat et al. 1974). The useful bearing life of tall varieties is estimated to be up to
around the age of 60 years. The main factor that leads to low income in coconut
production systems in most of the coconut producing countries is the declining
productivity of coconut palms due to old age and senility (Mwinjaka et al. 1994;
Aguilar and Benard 1993). Replacing such palms is necessary to ensure that pro-
duction and profitability are maintained so that the future of the industry is safe-
guarded (Ollivier et al. 2001). Magat (1993) reported that 15% of the palms in the
Philippines were senile by 1990 and cautioned that unless replanting measures were
promptly taken, there would be a 2% decline per annum in coconut production.

Coconut farmers are generally reluctant to uproot a palm even when it attains
senility and becomes less productive, mainly because coconut has a long juvenile
phase and therefore, the benefit from coconut is derived after a long time. Replanting,
which is the complete removal of old coconut palms before new seedlings are
planted, is an agronomically superior method in replacing a senile coconut planta-
tion. This results in early flowering, early bearing and development of uniform plan-
tation compared to the underplanting system (Perera and Fernando 2002).

In the underplanting system, new seedlings are planted along with the old palms,
which are removed in stages over a period of 5-6 years. Even though most of the
coconut farmers are aware that replanting is superior to underplanting with respect
to the performance of the new plantation, the underplanting system is still being
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practised by the farmers, because the continued income from the old palms is neces-
sary till the underplanted ones start yielding especially in small holdings.

Ollivier et al. (2001) suggested, considering variety, residual density, productiv-
ity and condition of the palms as the factors to decide replanting. Farmers who
would like to take up underplanting should decide when to replace their palms judi-
ciously. In Tanzania, under very different conditions of low rainfall and sandy soil,
Romney (1987) observed that competition of adult tall palms is likely to substan-
tially reduce the performance of the young palms. Sometimes, the old palms tend to
show yield improvement due to the care given to the newly planted seedlings, which
leads to reluctance of farmers to remove the old palms which is detrimental to the
growth of underplanted seedlings.

Pordesimo and Noble (1989), in the Philippines, recommended ‘strip replanting’
based on a simulation model. Perera and Fernando (2002) suggested that if the plan-
tation is over 60 years and is producing less than 2400 nuts ha™' year™!, replanting
could be undertaken. The factors such as the height of the old palms that makes
harvesting difficult, existing number of vacancies and severity of damage due to
drought or long-term negligence are also to be considered along with the age and
yield in deciding when to replace old plantation effectively.

In Samoa, Opio (1987) suggested that the yields of mature local tall varieties are
not economically viable beyond 40 years, unless they are intercropped with other
cash crops. According to Mwinjaka et al. (1999), there is a recommendation to
coconut growers in Tanzania to replant their coconut fields when the palms are 66
years old. The gradual replacement of existing coconut palms should be undertaken
at planting densities of 15—-17 m x 10 m. This density, if maintained, will allow for
various intercropping systems to be established. As the tendency is to replace old
tall palms with more precocious and higher yielding D x T hybrid varieties, the
density should often be higher than in the original design.

In the Philippines, vegetative pith or ‘ubod’ of coconut is an edible food item,
which finds use in many food preparations. A system or strategy of underplanting
seedlings among adult stand of palms was developed to provide an alternative
source of ‘ubod’, thus, preventing the indiscriminate cutting of existing productive
coconut palms for the purpose (Anon 2000b). This system involves planting of
seedlings in the interspaces of full-bearing coconut in a 3 m x 3 m triangular pattern
in two rows about 2 m away from the row of coconut-bearing palms. The seedlings
are planted in pits either with 1 seedling per pit (742 seedlings ha™!) or 2 seedlings
per pit at 60 cm apart (1484 seedlings ha™'). The ‘ubod’ can be harvested at 3 years
from field planting. This system can also be used in replanting old existing palms
with some remaining young palms arranged in a 9 m X 9 m triangular planting dis-
tance. However, this technology cannot be applied to full-bearing palms with close
planting (<8 m), and, therefore, it is limited to tall-bearing palms and not for dwarf
varieties with close planting. Padrones et al. (2000) from the Philippines recom-
mended underplanting two young coconuts in each pit taken at 3 m x 3 m distance
between spaces of coconut-bearing palms, which according to them is more
profitable.
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7.6 Coconut-Based Farming System

Very often, the coconut farmers in many parts of the world find difficulties in sus-
taining their families’ livelihoods from the income of coconut alone. One of the best
options to overcome this problem is to effectively utilize the space available in
coconut gardens for cultivation of other compatible crops. Such a system will also
offer considerable scope for increasing productivity per unit area, time and inputs
by more efficient utilization of resources like sunlight, soil, water and labour.
Production alternatives for intercropping in coconut plantations can take the form of
a single intercrop, a mixture of crops or a crop/livestock combination which are
compatible with each other and other environmental factors. One of the most com-
mon farming systems practised by coconut-growing traditional farmers is the
coconut-based farming system (CBES).

According to Aguilar and Benard (1993), CBFS is the integration of complemen-
tary enterprises in coconut farming (e.g. intercropping, livestock, processing inte-
gration linked with marketing) to increase productivity unit area™!, increase
employment opportunities and provide a buffer against low and fluctuating copra
prices. An example of a working definition of CBFS was given by Magat (1999) as:
‘a system or practice in coconut production in which the available farm resources
like coconut trees, soil and water/rainfall, farm labour, agricultural inputs (seeds,
livestock, fertilizers and other agro-chemicals), and farm tools are utilized to pro-
duce nuts, food and non-food agricultural produce from the farm, in a productive
and profitable way’. In any CBFS, integrated crop management practices of the
main as well as intercrops should be followed to achieve optimum productivity,
profitability and sustainability of coconut palms and to maximize the total produc-
tivity and economic benefits of the system.

Research programmes in the 1960s and 1970s enabled the development of many
coconut-based cropping systems to increase the productivity and income from unit
area of plantations without decreasing coconut yield. According to Liyanage and
Gunathilake (1998), CBFSs have been recognized as a strategy for optimizing the
productivity and augmenting the economic viability of coconut lands, particularly
in the wet and intermediate agroclimatic zones in Sri Lanka, which comprise of
nearly 80% of the land occupied by coconut. The success of cropping system in
coconut gardens greatly depends on the canopy architecture and rooting pattern of
crops; extent of availability of sunlight in the plantation; selection of crops adapt-
able to local climatic and soil conditions; arrangement of crops in relation to air
space and soil utilization; shade tolerance, growth pattern and duration of the crops
planned to be cultivated; irrigation facilities available; sociocultural factors of the
farmers; marketing facilities for the products; as well as economic competitiveness
of the crops.
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7.6.1 Amenability of Coconut Palm to Cropping Systems

Coconut palm utilizes the natural resources only to a very limited extent producing
less than 10% of the potential for dry matter production in the tropics (Nelliat et al.
1974). Mialet-Serra et al. (2001a) are also of the opinion that in mature coconut
plantations, significant quantities of light, water and nutrients may not be captured
by the palms and therefore can be utilized by intercrops without reducing main crop
yield.

7.6.1.1 Space Availability

In gardens, with monocropping as little as 25% of the land is only effectively used
(Ontolan 1988; Darwis and Tarigans 1990; Magat 1990). Though the potential
(maximum) annual biological productivity of a cropping system under optimum
conditions (Loomis and Williams 1973) is to the extent of 280.5 tonnes ha~'of dry
matter (770 kg ha™! day™"), according to Magat (1990), for coconuts, even at high
nut yields of 100 nuts palm~! and 200 nuts palm™!, the annual productivity is only
18.70 tonnes ha~! and 35.5 tonnes ha~! of dry matter or 6.6 and 12.6%, respectively,
of the potential biological productivity. Due to the unique morphological features
(with a terminal crown of leaves, growing to a height of 20-30 m), the coconut
palms may occupy less than 30—40% of the available air space between canopy and
ground during the major part of their life span of 80-100 years (Bavappa 1975).

7.6.1.2 The Rooting Pattern of Coconut

Though under favourable conditions, as many as 4000—7000 roots are found in the
middle-aged coconut palms (Menon and Pandalai 1960), about 74% of the roots
produced by a palm under good management do not go beyond the 2 m lateral dis-
tance. IAEA (1975) reported the depth and distance for coconut root to be 0.6 m and
4.0 m, respectively, in the Philippines, whereas the corresponding figures were
0.6 m and 3.0 m in Sri Lanka. In Bali, Steel and Humphreys (1974) showed that
palm roots were still very dense at 3 m from the trunk and that some laterals
occurred. Studies using P isotopes (Anilkumar and Wahid 1988) confirmed that
more than 80% of the root activity was confined to an area of 2 m radius around the
palm and to the 25-60 cm depth of the soil. Thus, on surface area basis, the area
occupied by the palm is 56.25 m? (7.5 x 7.5 m); and the area of active root zone is
12.57 m? (rr? where r = 2 m). Therefore, the fraction of total area effectively utilized
by the palm is only 22.24%. Thus, in a pure stand of coconuts at normal planting
density and management conditions, about 75% of the total area is not being effec-
tively utilized to the fullest extent by coconut roots.
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7.6.1.3 The Availability of Solar Radiation

The venation structure of the coconut crown and the orientation of leaves allow part
of the incident solar radiation to pass through the canopy and fall on the ground.
According to Nair and Balakrishnan (1976), Liyanage (1985) as well as Liyanage
and Martin (1987), on an average some 56% of solar radiation is available for inter-
crops, although this will vary with age of the coconut stand and planting density.
The diffused sunlight facilitates growing a number of shade-tolerant crops in the
interspaces. The leaves in a coconut palm crown are not randomly distributed, but
clumped around few widely spaced growing points. This non-random distribution
will also lead to low extension coefficient of around 0.65 for photosynthetically
active radiation (PAR). Light penetration through the canopy is influenced by age,
spacing, soil fertility, varietal characteristics, leaf area and time of the day. The
amount of light transmitted ranges from 5% in a 5-10-year-old D x T hybrid at a
density of 650 palms ha™! to about 90% in a 60—70-year-old plantation at a density
of 120 palms ha™' (Reynolds 1995). In CBFS, transmitted radiation especially the
PAR regime is very important as it has a bearing on the behaviour and productivity
of intercrops. Intercropping experiments under coconuts in the Philippines demon-
strated that, in the absence of strong water deficit and with a proper fertilizer supply,
the intercrop yields are more or less linearly related to the available PAR (Benard
et al. 1996). Thus, optimizing CBFS can be achieved mainly by providing sufficient
light for intercropping through the choice of coconut density.

The apparent coverage of ground by canopies of palms of various age groups
varies (Nelliat et al. 1974). When the palms are about 8—10 years old, the percentage
of sunlight transmitted is only 20, and this remains almost constant till about 25
years. Subsequently, the percentage of light transmission increases progressively,
and the canopy coverage of ground decreases inversely. By the time the palms are
40 years old, the light transmission increases to about 50%. Based on the growth
habit of the palm and the amount of light transmitted through its canopy, the life
span of coconut palm could be divided into three distinct phases from the point of
view of intercropping.

A. Up to about 8 years: Good transmission initially; decreasing with age; suitable
for growing annuals/biennials

B. Eight to 25 years: Maximum ground coverage and low canopy; poor light avail-
ability; not suitable for multiple cropping

C. Above 25 years: Increasing trunk height; reduction in crown size, light transmis-
sion increasing with age; ideal for raising annual and/or perennial crops

Classification of some of the crops based on tolerance to sunlight/shade for inter-
cropping is as in Table 7.2.
The major criteria for selection of component crops are:

(1) Shade tolerance of selected crops and amount of solar radiation in the coconut
garden

(2) Differential rooting pattern to exploit different soil layers for moisture and
nutrients
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Table 7.2 Classification of crops based on tolerance to sunlight/shade for intercropping

SI.
no. | Parameter Effect on production/remarks Examples of suitable crops
1 Not tolerant to | Drastic decline in yield even under | Paddy, bhendi, sweet potato,
even slight slight shade. Cannot be grown leguminous plants, groundnut
shade successfully as intercrop
2 Not tolerant to | Yield declines with intensity of Coleus, brinjal, tomato, chilli,
shade shade. Can be grown in border areas | dioscorea, Nendran banana
3 | Tolerant to Slight reduction in yield due to Colocasia, cassava,
shade shade. Can be grown successfully amorphophallus, banana varieties
when 50% sunlight is available other than Nendran
4 Shade loving Yield increases to some extent with | Ginger, turmeric, arrowroot,
increase in shade. More ideal as Kacholam
intercrop than sole crop

(3) Possibility of supplying biomass for recycling

(4) Lesser height than coconut and non-interference with cultural operations of the
main crop

(5) Should not be alternate host for any pest or disease

(6) Lesser economic life span than coconut

(7) Adequate marketing and processing facility

(8) Suitability of climatic conditions, soil type, rainfall pattern and irrigation
requirements of the crops intended for inclusion in the cropping system

Dauzat (1995) and Dauzat and Eroy (1997) modelled the architecture of the
coconut palm and generated virtual coconut stands in which simulations of light
transmission was carried out. Subsequently the percentage of light transmission
through the coconut canopy depending on the geographical location of the site, the
age of the coconut palms and the adopted planting design was calculated, and the
most suitable plants for intercropping according to the light environment under
coconut were recommended. It was found, by simulations, that the PAR transmis-
sion under coconuts at a given age is sensibly a linear function of the tree density,
irrespective of their planting pattern. Therefore, it could be possible to adjust the
palm density according to PAR requirement of intercrops. Because the light trans-
mission is similar in triangular and square designs, the choice of a coconut planting
design may be guided by practical considerations, e.g. ease in cultural practices like
cross ploughing in square designs (Dauzat and Eroy 1997).

7.6.2 Relevance of Coconut-Based Farming Systems

The main relevance of CBFS includes the following: social and ecological benefits,
conservation of natural resources, biodiversity conservation, supply of biomass and
employment generation.



268 G. V. Thomas et al.

1. Social benefits: Social benefits relate to the food and nutritional functions of
coconuts as well as various crops grown under the system. Growing of intercrops
in coconut lands produces more food and agricultural products, ensuring food
security of the people in rural and urban areas. At the same time, the practice
generates jobs and livelihood, enhancing farm incomes and the purchasing power
of people and thus alleviating poverty in farming communities (Magat 2004a).

2. Ecological benefits: Compared to the ecological conditions of the long-term
monoculturing, those of lands under CBFS are more favourable and stable for
intensive and sustainable agricultural production. This is mainly due to the more
efficient utilization of various natural resources, higher biomass generation and
recycling over a period of time.

3. Conservation of natural resources: The land cover minimizes the direct impact of
rainfall and the separation of soil aggregates under coconut environment, which
can control surface runoff and soil erosion by 70-90%, compared to bare soil or
uncropped condition. An adequate ground cover can also increase rainwater
infiltration and storage, eventually increasing water supply of the entire area.
Because of the shade under coconut stand and full canopy coverage, evaporative
demand is very much reduced, and intercropping allows a better retention of
water in the soil for a longer period. The microclimate in the coconut garden
maintains not only lower air temperatures (by 4-6 °C beneath the canopy) but
also lower soil temperatures.

4. Biodiversity conservation: Due to the uniqueness in the growth pattern, coconut
offers scope for accommodation of many crop species for inter/mixed cropping,
which in turn helps plant genetic resources conservation and management. The
CBFS favours diversity in the soil microflora as well.

5. Supply of biomass for recycling and soil fertility improvement: CBEFS enables
production of large quantities of biomass which could be effectively recycled
and put back in to the system for soil fertility improvement.

6. Employment generation from farm diversification: Since various crops with
different growth patterns and durations are included in the CBFS, their cultiva-
tion coupled with value addition provides opportunities for more employment
generation. Besides, mixed farming also offers year-round employment to the
farm family.

The main cropping systems adopted in coconut plantations are the following.

7.6.3 Coconut-Based Intercropping

Growing annuals/biennials in the interspaces of coconut is referred to as intercrop-
ping. A large variety of crops have been found suitable for growing under irrigated
and rainfed conditions. Intercropping takes advantage of the nature of the coconut
palm’s canopy and rooting system (Reynolds 1988; Proud 2005). Apart from the
advantages listed above, intercropping helps to reduce the dependence on coconut
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products (which often experience an unstable market) and ensures economic sup-
port during the long juvenile period of coconut.

Several reports and experimental research results are available on intercropping
in coconut gardens from different parts of the world covering a number of crops.
Many reviews of the experiments in India on intercropping in coconut are available
(Nair 1976, 1977; Nair and Bavappa 1975; Nair and Varghese 1976; Nair et al.
1974; Nelliat et al. 1974; Nelliat and Krishnaji 1976; Gopalasundaram and Nelliat
1979a, b; Chattopadhyay et al. 1995; Srinivasa Reddy and Biddappa 2000). These
reviews indicate that the practice extends to many of the cultivated crops. Notable
among them are cereals, tuber crops, pulses, oilseeds, fruit crops, rhizome spices,
ornamental and medicinal plants and fodder grass (Table 7.3). Coconut intercrop-
ping systems followed in Peninsular Malaysia and Sri Lanka were described by
Denamany et al. (1979) and Liyanage et al. (1984), respectively. The ideas and con-
siderations for coconut farm diversification are given by Scheewe (2003).

The details of coconut-based cropping systems adopted in the wet and wet inter-
mediate zones of Sri Lanka, their constraints and prospects are given by Ranatunga
et al. (1988). Godoy and Bennett (1991) presented an analysis of the profits of cul-
tivating modern and traditional varieties of coconuts as a monocrop as well as inter-
crop, under ideal and average growing conditions, with good and average
management. The results showed that intercropping generated more income than
monocropping by smallholders in Indonesia.

Tropical tuber crops such as cassava, elephant foot yam, colocasia, Chinese
potato, sweet potato, greater yam and lesser yam were found to be suitable inter-
crops in coconut gardens. The tuber crops partially meet the food requirements of a
farm family and almost always find a place in the homestead gardens of Kerala
(Varghese et al. 1978b). In an intercropping trial of coconut with tuber crops at
ICAR-CPCRI, Kasaragod, India, there was a general reduction in the yield of coco-
nut when the intercrop alone was manured, but no such reduction was noticed when
both the intercrop and the main crop were manured (Varghese et al. 1978b).
Intercropping of tuber crops, elephant foot yam and yams resulted in increased yield
of root (wilt) disease-affected coconut gardens. The cost/benefit analysis showed
that coconut+tapioca combination gave the highest net return per rupee invested
(Sethumadhava Menon and Ramakrishnan Nayar 1978). Ginger and turmeric are
the important spice crops commonly intercropped in coconut gardens (Varghese
et al. 1978b; Hegde et al. 1990). Experiments at Kasaragod, India, have indicated
the suitability of vegetables like snake gourd, bottle gourd, brinjal, coccinia and bit-
ter gourd as compatible crops with coconut (Hegde et al. 1993). Intercropping with
vegetables helped to generate additional employment to the tune of 215 to 365 man-
days ha™! year~!. Among the different sequences tried, snake gourd-ridge gourd-
amaranthus were the most remunerative (Rs. 22,217 ha! year™') followed by
amaranths-bottle gourd-brinjal (Rs. 20,920). Intercropping of fodder grass, vegeta-
ble crops (amaranthus, pumpkin and ash gourd) and fruit crops (banana and pine-
apple) could be successfully taken up in coconut gardens under coastal sandy soil
by adopting appropriate soil moisture conservation measures, viz. husk and coir
pith application in the planting zone (Subramanian et al. 2009).
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Table 7.3 Common intercrops grown in coconut gardens in India

Crops

‘ References

1. Fruit crops

Banana (Musa sp. different varieties),
Pineapple (Ananas comosus),Papaya
(Carica papaya), Guava (Psidium
guajava),Lemon (Citrus sp.)

Nelliat et al. (1974), Nair (1977), Gopalasundaram
and Nelliat (1979b), Gopalasundaram et al. (1993),
Maheswarappa et al. (2003), Subramanian et al.
(2009), Athmanathan et al. (2000), and Girijadevi
et al. (2013)

2. Fodder crops

Hybrid Bajra Napier, Guinea grass, Fodder
cowpea, Stylosanthes gracilis

Ramakrishnan Nayar and Sahasranaman (1978),
Jacob Mathew and Mohamed Shaffee (1979),
Sahasranaman et al. (1983), Maheswarappa and
Hegde (1995), CPCRI (2004), and Subramanian
et al. (2007)

3. Medicinal and aromatic crops

Chittadalodakam (Adhatoda beddomei),
Karimkurinji (Nilgirianthus ciliatus),
Nagadanthi (Baliospermum montanum),
Vetiver (Vetiveria zizanioides),Indian long
pepper (Piper longum),Noni (Morinda
citrifolia),Arrow root (Maranta
arundinacea), Galangal (Kaempferia
galanga),Patchouli (Pogostemon patchouli)

Nair et al. (1991), Rajagopalan et al. (1992),
Viswanathan et al. (1992, 1993), Lalitha Bai et al.
1996), Maheswarappa and Nanjappa (2000),
Maheswarappa et al. (2000, 2008), Srinivasa
Reddy and Arunachalam (2002), Suneetha and
Chandrakanth (2003), CPCRI (2003, 2008), Ghosh
et al. (2007a), Mohandas (2011), Ravi Bhat and
Krishnakumar (2011), Bari and Rahim (2012),
Nagwekar et al. (2013), Khandeker et al. (2014),
Thiruvarassan and Maheswarappa (2014), and
Nath et al. (2015)

4. Flowering crops

Heliconia sp.,
Anthurium sp.,
Jasminum sp.

CPCRI (2003)
Arunachalam and Reddy (2007), and
Nihad and Krishnakumar (2015)

5. Tree crops

Acacia mangium, Acacia auriculiformis,
Casuarina equisetifolia,Ailanthus sp.,
Tectona grandis, Tamarindus indica,
Erythrina indica

CPCRI (1989)

6. Spices/tree spices

Ginger (Zingiber officinale), Turmeric
(Curcuma longa),Black pepper (Piper
nigrum), Nutmeg (Myristica
fragrans),Cinnamon (Cinnamomum
verum),Clove (Syzygium aromaticum)
Vanilla (Vanilla planifolia)

Nelliat et al. (1974), Nair (1977), CPCRI (1984,
2009), Jayachandran et al. (1991, 1998), Sharma
et al. (1996), Manjunath et al. (1998), Srinivasa
Reddy et al. (2000), Maheswarappa and
Anithakumari (2002), Nagwekar et al. (2002), and
Maheswarappa et al. (2003, 2012)

7. Beverages

Cocoa (Theobroma cacao),Coffee (Coffea
arabica/C. robusta)

Nelliat et al. (1974), Nair et al. (1975), Nair
(1977), Abdul Khader et al. (1984), Bavappa et al.
(1986), and Elain Apshara (2013)

(continued)
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Crops

References

8. Other crops

Mulberry (Morus sp.),Ramie (Boehmeria
nivea)

Shanthamallaiah et al. (1982a, b), CPCRI (2002),
and Manjunath et al. (2010)

9. Millets

Varagu (Panicum scrobiculatum),Finger
millet (Eleusine coracana)

Nambiar (1978)

10. Pulses

Horse gram (Macrotyloma uniflorum),
Cowpea (Vigna unguiculata),Bengal gram
(Cicer arietinum),Soybean (Glycine max)

CPCRI (1975), Shanthamallaiah et al. (1982b),
Joseph (1992), Lourduraj et al. (1992), Hegde and
Yusuf (1993), and Jayaraman and Subramanian
(1994)

11. Oilseed crops

Groundnut (Arachis hypogea)

Sahasranaman (1964), Kannan and Nambiar
(1976), and Leela and Bhaskaran (1978)

12. Tuber crops

Elephant foot yam
(Amorphophallus paeoniifolius)
Cassava (Manihot esculenta)
Sweet potato (Ipomoea batatas)
Colocasia (Colocasia esculenta)
White yam (Dioscorea rotundata)

Kannan and Nambiar (1976)
Menon and Nayar (1978)
Varghese et al. (1978a)

Suja et al. (2003a, b, 2004a, b)
Girijadevi et al. (2013)
Krishnakumar et al. (2013)

13. Vegetables

Chilli, French bean, dolichos bean, tomato,
knolkhol, capsicum, brinjal, snake gourd,
bottle gourd, amaranthus, coccinia, bitter
gourd, ridge gourd, cucumber, cluster
beans, etc.

Sahasranaman (1961), Shanthamalliah et al.
(1982a), George and Nair (1987), Rethinam
(1989), Patil et al. (1992), Hegde et al. (1993),
Nagwekar et al. (1997), and Manjunath et al.
(1998)

Intercropping trials at ICAR-CPCRI Kasaragod with ornamental, medicinal and
aromatic crops in coconut gardens revealed that Heliconia, anthurium, Jasminum
pubescens and marigold under ornamental crops and long pepper and patchouli
under medicinal crops were compatible as intercrops in coconut garden (CPCRI
2003). A medicinal plant Plumbago rosea L. (known as rosy-flowered leadwort)
was successfully grown as intercrop in coconut gardens and the use of bio-resources
such as neem cake and FYM in the ratio of 1:4 along with microbial inoculants was
suggested to achieve the highest benefit/cost ratio (Nihad et al. 2010). Intercropping
of flowering plant, Heliconia stricta, in root (wilt) disease-affected coconut gardens
enabled to enhance the profitability from such gardens (Nihad et al. 2013).

Among the fruit crops, banana is a popular, stable and marketable long-term
crop that could be planted between stands of coconut palms. To be a compatible
and productive intercrop, banana suckers are to be planted 2 m away from the base
of coconut palms. Banana can be intercropped in gardens when the coconut palms
are 1-3 years old and from the 25th year. Generally, banana and coconut do not
compete for soil resources, except when grown in dry zones. Magat (2004b) and
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Secretaria and Magat (2006) from the Philippines had described the agro-
management practices to be followed when banana and root crops are to be inter-
cropped in coconut garden.

Ennin et al. (2009) reported replanting of coconut with lethal yellowing disease
(LYD) tolerant MYD x VTT hybrid intercropped with banana and cassava with
minimum fertilizer application. This system showed biological compatibility in that
they did not affect the vegetative growth of young coconut and produced high cas-
sava yield (mean of 35.3 tonnes ha!) and banana yield (mean of 2.9 tonnes ha™')
giving high economic returns with a B/C ratio of 5 for cassava.

A study on the effect of cropping systems, residue management and tillage prac-
tices on organic carbon sequestration in clay loam soil in Kerala, India, revealed that
among the different cropping systems, coconut + pineapple cropping system main-
tained the highest soil organic carbon (SOC) content of 1.30% at the end of 2 years,
whereas the coconut + maize system maintained only 1.21% SOC. Surface mulch-
ing with crop residues could maintain SOC carbon up to 1.37%, but when the resi-
dues were incorporated to soil, the SOC status was only 1.1%. Among tillage
practices, reduced till maintained 1.29% SOC, whereas the conventional tillage
could maintain only 1.22% SOC after 2 years. Improvement in soil properties, like
aggregate stability, porosity, bulk density and water-holding capacity, was observed
with the maintenance of SOC which was reflected on yield and returns (Sudha and
Annamma 2011).

Lamanda et al. (2008) used 3D architectural modelling approach for providing
indicators for assessing above-ground competition for light and below-ground com-
petition for space, in order to optimize intercropping in 6—60-year-old coconut hold-
ings. Intercropping with shade-tolerant species was not limited by light transmission
from the 35th year after coconut planting. However, at that stage of coconut tree
development, the density of primary roots in the interrow limited intercrop develop-
ment, especially for root and tuber crops. Tubers such as taro, yam, cassava and
kava are therefore not recommended in this type of intercropping unless the number
of coconut palms is reduced. This modelling approach could be used for recom-
mending coconut planting patterns and densities, as well as indicating intercrop
potential depending on their location in the most sunlit areas with minimum root
competition.

7.6.4 Coconut-Based Mixed Cropping

Growing of perennial crops with adult coconut palms is referred to as mixed crop-
ping. A number of perennials like cacao, clove, nutmeg, coffee, black pepper, mul-
berry, cinnamon, mango, sapota, papaya, cardamom and other crops are successfully
grown with coconut.

Mixed cropping coconut with perennials is popular in large-scale plantations.
Perennials are particularly suited for mixed cropping with coconut because once
they reach maturity, they continue to provide a steady flow of income with limited
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maintenance requirements. This is also considered important under smallholder
production systems where resources are limited. Coffee is a popular mixed crop
under mature coconut stands. The shade from coconut palms provides optimum
conditions for coffee’s growth and productivity. The crop is best planted at 2 m
away from the base of coconut palms in three rows at 3 m x 3 m triangular system
under coconut grown at a spacing of 10 m x 10 m square or two rows at 3 m x 3 m
in a triangular pattern under coconut at a spacing of 8§ m x 8 m or 9 m x 9 m square.
Canja and Magat (2006) described the agro-management practices to be adopted for
coconut-coffee mixed cropping in the Philippines. In this system, application of
fertilizers to coconut with or without coffee fertilization increased copra yield sig-
nificantly, whereas application of fertilizers to coffee, without coconut fertilization,
gave low yield suggesting that coconut could not benefit from the fertilizers applied
to coffee. Margate et al. (1993) suggested the need to apply fertilizers separately to
both the crops. Economic analysis revealed that fertilizer application to both coco-
nut and coffee gave the highest net return followed by that for coffee alone.

The profitability of growing cacao as mixed crop in coconut has been established
in field experiments conducted at two locations in Kerala, India (Nair et al. 1975;
KAU 1979). According to Creencia (1979), coconut areas producing at least 50 nuts
palm~! year~ may be intercropped with cacao. The productivity of coconut and net
return from the system were significantly higher under mixed cropping with cacao
both in double hedge and single hedge systems. The double hedge system was
found superior at Pilicode (Kerala) in an experiment conducted in plantations where
the coconut palms were cultivated at a wider spacing of 9 m x 9 m. In Kerala, India,
coconut intercropped with double rows of cacao was more profitable than that inter-
cropped in a single row (Nair 1979; Bastine et al. 1986).

Mixed cropping with Forestero variety of cacao in 16-year-old root (wilt)
disease-affected West Coast Tall coconut palms in single and double hedge systems
increased the coconut yield by 27-35% as compared to that of monocropping
(Kamalakshy Amma et al. 1982). There was also a build-up in the soil nutrient sta-
tus which was more pronounced at 4 m than at 1.5 m away from the base of palm,
where cacao was planted. The status of nutrients was low in double hedge system,
perhaps due to the effective utilization of nutrients and higher yields of crops per
unit area. Evaluation of 9 elite clones of cacao in double row system of planting in
the plantation of Laccadive Ordinary Tall coconut cultivar revealed that VTLCP-22
and VTLCP-1 involving crosses of NA-33 and II-67 x NC-29/66 performed best
with high vigour and yield under coconut (Elain Apshara 2010).

The microclimate of coconut garden (planted at 7.5 m x 7.5 m) mix cropped with
cacao and cinnamon (two rows of cacao or two rows of cinnamon planted in double
hedge system between coconut rows) was studied by Balakrishnan et al. (1976), and
they reported considerable reduction in the evaporation during the peak period
(December to May) in the mixed cropped field compared to the open surface. The
diurnal variations on relative humidity and vapour pressure in the microclimate of
cacao and cinnamon were also relatively much less compared to those of microcli-
mate of coconut.
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Studies of coconut-based agroforestry system on the aerial development in cacao
in monoculture and intercropped with coconut by Mialet-Serra (1998) in Vanuatu
and Indonesia have shown that some architectural features of young cacao can be
influenced by the amount of shading, from the coconut palms, leading to differences
between monoculture and intercropped conditions. In East Java, Indonesia,
Karmawati et al. (2010) found that the production of cacao under the shade of coco-
nut palms was normal and stable, having almost similar productivity as the mono-
culture system. Such conditions could be achieved through spacing of coconut
palms at 12.0 m x 8.0 m or the density at 104 palms ha™' and cacao with spacing of
3.0 m x 2.0 m and 1152 trees ha™'. Utomo (2013) studied the environmental perfor-
mance of cacao production from monoculture system and agroforestry system in
Indonesia. The land productivity ratio (LER) of cacao-coconut agroforestry was the
highest (1.36), indicating the higher level of yield advantages from this system. It
also had soil fertility advantages in terms of higher content of organic carbon, C:N
ratio and soil organic matter, which stimulated growth and activity of two beneficial
soil microbe groups (bacteria and fungi) that exist in the cacao-coconut system.
Such a system will also have the least impact on global warming, acidification and
eutrophication.

Unlike in some other cacao-growing countries, cacao is not grown under the
shade of coconut in Ghana. Osei-Bonsu et al. (2002) compared the merits of four
cacao-coconut cropping systems with the traditional cultivation of cacao under
Gliricidia sepium shade. Growth of cacao seedlings was not affected when grown
under coconut, whereas growth and yield were considerably affected when mix
cropped with G. sepium. Seven years’ mean dry bean yield of cacao and profitability
was the highest (1.23 tonnes ha™!) when cacao was spaced at 2.5 m (1739 ha™!)
under a spacing of coconuts at 9.8 m in the triangular system (105 palms ha™").

Large coconut areas on fertile alluvial clays along the west coast of Peninsular
Malaysia have been underplanted with cacao. The favourable price of cocoa beans,
the unstable copra prices and the suitability of coconut shade have accounted for the
success of this cropping system.

Mixed cropping of cacao under older stands of coconuts resulted in greatly
improved economic returns in Malaysia (Ramadasan et al. 1978). Magat and
Secretaria (2007) described the agro-management practices to be adopted for
coconut-cacao mixed cropping in the Philippines and by Daswir and Dja’far (1988);
Abbas and Dja’far (1989) in North Sumatra, Indonesia. Fagon and Topper (1988)
found in Jamaica that close planting of cacao under coconuts was beneficial than
wider spacing to get higher cocoa yield. Dootson et al. (1987) studied the effect of
underplanting modern Upper Amazon cacao in 15-year-old Thai Tall coconuts and
reported increase in economic returns once the cacao came into bearing. According
to Mathes (1986), the relative return to a cacao-coconut mixed cropping was the
second highest compared to coconut alone, coconut-coffee (Coffea robusta) and
coconut — black pepper cropping systems.

In the study conducted in coconut stands at different densities at the Davao
Research Center of the Philippines Coconut Authority, Dauzat and Eroy (1997)
computed three-dimensional numerical mock-ups of coconut palms. Mialet-Serra
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et al. (2001b), using plant architectural models for estimation of radiation transfer
in a coconut-based agroforestry system in Cote d’ Ivoire, tried to validate the model
computed by Dauzat and Eroy (1997), which predicted the yield of understorey
corn and mung bean intercrops as a function of estimated transmitted PAR in sev-
eral planting patterns and densities of coconut. They obtained good agreement
between the estimated PAR through a coconut canopy and field measurements at
several sites for several varieties with various planting patterns and densities. Thus,
by using 3D numerical mock-ups of coconut linked to the radiation calculation
modules, the distribution of transmitted radiation reaching the soil under a coconut
stand could be estimated accurately for various planting patterns. However, their
method has some limitations for large-scale adoption.

Nelliat et al. (1979) and Srinivasa Reddy and Thomas (2001) have reported the
beneficial effect of growing cacao, black pepper, clove, nutmeg and cinnamon as
mixed crops in coconut plantations (CPCRI 1975, 1979). Panniyur-1 variety of
black pepper yielded 2 kg of dried berries vine™, and the maximum yield was 5 kg
vine™ (Anon 1977). Experiments conducted under Goa (India) conditions revealed
that black pepper grows satisfactorily as mixed crop in coconut gardens and the
plants started yielding from the third year onwards. The average yield obtained from
a | hectare coconut garden was 0.76 t and 0.44 t of dry black pepper from Panniyur-1
and Karimunda varieties, respectively (Mathew et al. 1993b).

Shanthamallaiah et al. (1982b) reported that mulberry as a mixed crop increased
the yield of coconut by 920 nuts and net income by Rs. 7379 ha~! and doubled the
employment potential. The profitability of growing perennial spice crops such as
clove, nutmeg and cinnamon has been reported (Nelliat et al. 1979; Srinivasa Reddy
et al. 1998b, 2000). Experiments at ICAR-CPCRI, Kasaragod, on mixed cropping
with black pepper, clove, nutmeg and cacao indicated highest net returns with coco-
nut + nutmeg cropping system (Rs. 94,300 ha™!) followed by that in coconut + clove
(Rs. 46,800 ha=!) compared to coconut + black pepper (Rs. 26,200 ha=!) and coco-
nut + cacao (Rs. 31,400 ha™'). The net return under coconut alone was only Rs.
22,300 ha=! (Nair et al. 1991). Mixed cropping with spice crops such as cinnamon,
clove, nutmeg, black pepper, garcinia and allspice was beneficial in Ratnagiri,
Maharashtra (India), to increase the coconut yield (Patil et al. 1991).

Vanilla (Vanilla planifolia), a climbing orchid and a shade-loving spice crop, has
been found to be a suitable mixed crop in coconut gardens. Growing vanilla in coco-
nut gardens with the application of cow dung slurry (6 tonnes ha™' in two splits or
vermicompost 5 kg plant™" year~" in two splits along with biofertilizers of phosphate-
solubilizing Bacillus sp. and nitrogen-fixing Azospirillum sp. at 25 g plant~! year™")
resulted in higher fresh bean yield and improvement of microbial properties in rhi-
zosphere. There was 53% increase in coconut yield in vanilla intercropped plots
compared to the pre-experimental yield (Maheswarappa et al. 2016). However,
vanilla is not a preferred crop now due to very low price of the vanilla beans.

Coconut canopy was found to provide adequate shade for shade-loving cardamom
(Elettaria cardamomum) in the mixed cropping system in Karnataka, India, which
increased overall profits from the coconut gardens and the net return from the system
was 2.5 times greater than from monocropping (Korikanthimath et al. 2000a, b).
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Maheswarappa et al. (2008) evaluated the performance of different medicinal
plants such as Orila (Desmodium gangeticum), Moovila (Pseudarthria viscida) and
Coleus (Coleus aromaticus) (herbs of 8 months duration), Chittadalodakam
(Adhatoda beddomei), Karimkurinji (Nilgirianthus ciliatus) and Nagadanthi
(Baliospermum montanum) (shrubs of 18 months duration) as inter/mixed crops in
a 30-year-old WCT coconut garden spaced at 7.5 m x 7.5 m at ICAR-CPCRI,
Kasaragod, India. Among the annuals, Orila recorded the highest net return (Rs.
12,929 ha™!), while among the biennials, the highest net return obtained was with
Karimkurinji (Rs.1,93,049 ha=!). Mohandas (2011) reported the suitability of sith-
arathai (Alpinia galanga), chotrukuthali (Aloe vera) and tulasi (Ocimum sanctum)
as medicinal plants and lemon grass (Cymbopogon flexuosus) and patchouli
(Pogostemon patchouli) as aromatic plants for intercropping in a 36-year-old East
Coast Tall coconut garden at the Coconut Research Station, Veppankulam, Tamil
Nadu, India.

Mensah and Ofosu-Budu (2012) evaluated coconut-citrus mixed cropping sys-
tems in the context of lethal yellowing disease of coconut in Ghana and found that
MYD x VTT coconut hybrid planted at 9.5 m triangular offered optimal spacing for
citrus mixed cropping at the convergence point of two diagonal lines linked with 4
adjacent coconut palms. The mixed cropping system did not hinder the optimal
growth and yield of coconut or citrus, whereas it enabled a more efficient use of land
and generated higher productivity by fitting more trees per unit area of land as com-
pared with sole cropping. Though the cost-benefit ratio of the intercropping came
next to sole coconut planting, intercropping provided 26% of fruit income as insur-
ance against lethal yellowing disease.

From multidimensional analysis of coconut-based mixed farming systems
adopted by farmers, Thamban et al. (2006) reported coconut + areca nut + black
pepper + banana was the most commonly adopted model of CBFS followed by
coconut + areca nut + black pepper system. The degree of crop intensification varied
widely across the farms, and the economic analysis of various CBFS models indi-
cated that they are technically feasible and economically viable. The level of profit-
ability increased with increase in the number of the component crops.

7.6.5 Coconut-Based Agroforestry System

Coconut-based agroforestry systems hold promise as a sustainable land-use activity
in areas where food and nutritional security is of concern and availability of land for
expansion of cultivation is limited. The task in coconut farms is to diversify by inte-
grating fruit trees and multipurpose trees. The numerous crop species in the home-
steads serve the primary needs of the farmers’ families. Apart from food, the small
plots provide fuel, fodder, timber and cash.

An agroforestry experiment was conducted at ICAR-CPCRI, India, with differ-
ent tree species during 1983 in an adult coconut garden. Data on coconut yield has
shown that with high population of subabul, casuarina and eucalyptus, the coconut
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yield was adversely affected, whereas Ailanthus tree, though slow growing, appeared
to be compatible with coconut and had not affected the yield of coconut (CPCRI
1989). Taffin et al. (1991) developed stable cropping systems combining coconut
and N-fixing trees such as Acacia mangium, A. auriculiformis and Casuarina equi-
setifolia. A. mangium produced maximum biomass (457 kg ha™!), while A. auricu-
liformis provided the highest volume of harvested wood (49 m® ha™!). Liyanage
et al. (1993a) studied growth performance and biomass yield of four nitrogen-fixing
trees (NFT) (viz. A. auriculiformis, Calliandra calothyrsus, G. sepium and L. leuco-
cephala) and their effect on coconut yield by planting them in double rows of
2 m x 1 m in the avenues of coconut. Due to the compatibility between coconut and
NFT's, nut yield of coconut has also been increased by 15-26% in different NFT
plantings. Coconut-based agroforestry systems, particularly with NFTs, offer much
scope for reducing the use of fertilizer inputs through biological N-fixation, recy-
cling of nutrients and by adding organic matter (Gunathilake 2011). Among them,
G. sepium has been the best species. The coconut-NFT tree-based integrated system
helps to minimize additional input of fertilizers in coconut plantations, thus saving
on fertilizer cost (Tennakoon 2011).

Peiris et al. (2003) evaluated 26 agroforestry models developed and established
in farmers’ fields by Coconut Research Institute of Sri Lanka for studying their
economic feasibility and biological productivity and found that all economic indica-
tors including net present value (NPV) of agroforestry models were higher than the
monocrop indicating their economic sustainability in the long run. The study of
Bullecer et al. (2006) from the Philippines indicated that agroforestry systems could
be improved by using more strategic plant combinations, plant densities and plant-
ing patterns for the different life stages (and related growth patterns) of the coconut
palms. According to them planting of fast-growing and tall timber trees under coco-
nut is not advisable, and more than 30% shading adversely affects its growth. Only
shallow-rooted and shade-tolerant intercrops should be planted within a 3 m radius
around the coconut trees. They found that planting fast-growing and timber trees
under coconut such as Leucaena, mahogany and gmelina can adversely affect nut
production and, hence, not recommendable. While environmental protection is
afforded, economic benefits from coconut are reduced which could make the scheme
less acceptable to farmers. They suggested more in-depth studies before potential
best coconut-based agroforestry systems can be identified and extrapolated to other
areas. The financial analysis conducted in Davao City by Secretaria and Magat
(20044, b) showed that the farming system combining coconut and gmelina is prof-
itable even though coconut yield is reduced to a certain extent.

7.6.6 High-Density Multispecies Cropping System

High-density multispecies cropping system (HDMCS) or multistoried cropping
system involves growing coconut and a combination of annual and perennial crops
of different heights, rooting characteristics and canopy patterns in the same garden
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(between coconuts) so as to maximize utilization of solar radiation, nutrients and
moisture (Nelliat et al. 1974; Bavappa et al. 1986; FSSRI-PCA 1984). This system
requires more management skills, labour and other inputs than most other systems
(Ohler 1992). Diversifying the farming system by intercropping cash crops, such as
cacao, coffee, banana, pineapple, etc., and changing to multistoried cropping sys-
tems can generate much higher returns (Proud 2005).

Crops having varying canopy heights are selected in this intensive cropping sys-
tem with the objective of greater utilization of solar energy and soil resources. The
most profitable multistoried cropping system with coconut as main crop (1 ha) was
established at ICAR-CPCRI, Kasaragod, India, with black pepper trained on coco-
nut, 350-600 cacao seedlings planted between rows of coconut and 3500 pineapple
suckers planted between rows of coconut and cacao. The output from the system
included 17,000 coconuts, 300 kg dried beans of cacao, 60 kg dry pepper and 4
tonnes of pineapple in the single hedge system ha™! year~! (Nelliat et al. 1974,
1979). Based on the feasibility, marketability and economic viability, among the
eight different cropping models evaluated by Thiruvarassan et al. (2014) in a
25-year-old East Coast Tall (ECT) coconut garden, the one with coconut + black
pepper + banana + elephant foot yam recorded the highest B/C ratio (2.16) and net
income (Rs. 57,577 ha™') in the east coast region of Tamil Nadu, India.

A multistoried cropping experiment at Lampung indicated that the highest
income was obtained with cropping system of cacao + cinnamon (Cinnamomum
sp.) + black pepper + pineapple, followed by banana + maize and kapok (Ceiba
pentandra) + cacao (Dwiwarni et al. 1987). Margate and Magat (1983) reported that
planting black pepper (on the base of coconut palms) + pineapple (1 m x 1 m) +
dwarf papaya (3 m x 3 m triangular)/Forastero cacao (3 m in a row), together with
coconuts (planted at 9 m x 9 m square system) in a multistoried cropping system,
increased nut yield and copra production palm™ as well as the total profitability of
all the crops planted in the same area. The income generated from the intercropping
system was more than double that of monocropping. However, Cabangbang et al.
(1991) and De Luna (2008) reported that net incomes are lower in farms with more
intercrops due to substantial additional labour costs incurred when integrating more
intercrops in coconut farms. Income from the four-crop combination involving
coconut + coffee + black pepper + lanzones is half that from the two-crop combina-
tion of coconut + coffee (Cabangbang et al. 1991). Thus, while diversification or
intercropping is admittedly one good strategy to increase farmers’ income, identify-
ing the right combinations of intercrops is crucial considering the additional expen-
diture requirements of each intercrop.

Growing a large number of crop species in unit area of coconut plantation at high
plant densities is practised to achieve maximum resource use efficiency and to meet
the diverse needs of the farmer. A high-density multispecies cropping system model
with many compatible annual/perennial crops (with 17 species) at higher plant den-
sity (total of 14,976 planting points ha™!' of coconut plantation) was established at
Central Plantation Crops Research Institute, Kasaragod, India, during 1983
(Bavappa et al. 1986). A gross margin of Rs. 92,230 ha™! was realized in 1996-1997
compared to Rs. 1750 ha™! during 1983-1984 (Sairam et al. 1999). As the perennial
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crops grew and utilized more and more space, the annual crops except banana were
removed so that the system consisted of nutmeg, banana and pineapple in the coco-
nut garden. The coconut yield increased by 176% as compared to the pre-
experimental yield as a response to the adoption of high-density cropping system
and irrigation provided to coconut and companion crops.

This experiment was subsequently maintained with different levels of recom-
mended dose of fertilizers. The mean productivity of crops revealed that the yields
declined with reduction of fertilizers below one-third of recommended dose in the
system. The coconut yield did not vary much between one-third, two-third and full
dose of recommended fertilizers (147 to 157 nuts palm~' year™'). The component
crops performed better under two-third and full dose of fertilizers in the system.
Hence, only two-third level of recommended fertilizers was found necessary to sus-
tain the yield of coconut and component crops at economically higher levels
(Srinivasa Reddy et al. 2000). The biomass availability varied from 17 tonnes ha™!
in control to 22.58 tonnes ha~! in full recommended fertilizer treatment. Coconut
yield and economics of the system indicated the possibility of maintaining the sys-
tem with one-third level of fertilizers complemented with biomass recycling (CPCRI
2002). In Assam, India, adoption of HDMSCS involving coconut + black pepper +
banana + Assam lemon + pineapple + ginger and coconut + betel vine+ banana +
Assam lemon + turmeric + colocasia had resulted in a nut yield increase of 110 and
83%, respectively, over pre-experimental nut yield (Chowdhury and Deka 1997).

In Sri Lanka, studies on canopy architecture in a multispecies cropping system
involving 13 fruit crops by Jamaluddeen and Jacob (1983) indicated that the per-
centage increase in canopy diameter between 24 and 33 months after planting was
greatest with coffee (59), followed by mango (51), coconut and jackfruit (both 40).
Studies in the Mid Country Research Station, Sri Lanka, indicated the agronomic
and economic potential with cash crops such as black pepper, coffee and clove and
food crops such as banana and lime (Premaratne and de Silva 1991). This system
was found to be financially viable in improving the income levels of upland farmers.
High capital cost for establishment of the system is the only disadvantage of the
system.

The results of various studies conducted in Kerala, India, indicated increased
coconut yield due to introduction of HDMSCS compared to the monocropping of
coconut (Maheswarappa et al. 2003, 2005; Maheswarappa 2008; Krishnakumar and
Maheswarappa 2010). The increase in yield of coconut palms from the initial level
of 30 nuts to 75.8 nuts palm~' was reported in root (wilt) disease-affected area
through adoption of HDMSCS (Maheswarappa et al. 2003). The crops like banana,
pineapple, black pepper, nutmeg and tuber crops performed very well and provided
additional yield and income. The higher B/C ratio of 2.28 and higher positive net
present worth (Rs.1,80,106 ha™') indicated that HDMSCS is economically viable in
root (wilt)-affected area. Improvement in properties like water-holding capacity,
organic carbon as well as major and micronutrient status of the soil was observed
due to adoption of integrated nutrient management practices and HDMSCS
(Maheswarappa et al. 2005). The improvement in the yield of the palms was cou-
pled with reduction in root (wilt) disease intensity indices due to reduction in yel-
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lowing of leaves. The percentage increase in average yield was 54.5, 52, 48.3 and
40.9, respectively, under apparent healthy, disease early, disease middle and disease
advanced palms in comparison with pre-experimental yield. From the root (wilt)
disease-affected gardens of Kerala, India, Krishnakumar et al. (2011) reported the
economic advantage of HDMSCS over monocropping being 61% with a B/C ratio
of 1.59 indicating that the coconut-based high-density cropping system is economi-
cally viable in root (wilt) disease-affected areas provided the disease is well man-
aged by adopting integrated practices.

HDMSCS supplies large quantities of biomass for recycling and thus offers
scope for reducing the need of inorganic fertilizers for coconut and component
crops. Palaniswami et al. (2007) studied the possibility of reducing the quantity of
inorganic fertilizer application to coconut and various component crops cultivated
in HDMSCS in Kerala, India, and reported the mean yield of coconut to range from
127 nuts palm™" under no fertilizer treatment to 147 nuts palm™' with either 66 or
33% of recommended fertilizer dose (Table 7.4). The productivity of palms declined
beyond 33% of the dosage. The yield of clove and black pepper was the highest at
66% of the dosage, while that of pineapple and banana was the highest with applica-
tion of fertilizers in the full dosage. Later on Maheswarappa et al. (2013) evaluated
the performance of coconut-based HDMSCS under organic and integrated nutrient
management by using reduced doses of NPK fertilizers (2/3 or 1/3 of recommended
dose), application of vermicompost (by recycling biomass), biofertilizers, green
manuring (in basins) as well as fully organic manures. The mean nut yield, copra
content and oil yield for 5 years did not differ among the treatments (ranging
between 145 to 155 nuts palm~' year™!, 159.5 to 164.6 g nut™! and 65.7 to 65.8%,
respectively) indicating the beneficial effect of organic cultivation by recycling bio-
mass, application of biofertilizers and green manuring.

Among the different HDMSCS models evaluated in a 27-year-old coconut gar-
den of cv. Assam Tall spaced at 8.0 m x 8.0 m in India by Nath et al. (2008), the
highest nut yield as well as per cent increase in nut yield was recorded with coconut
+ black pepper + banana + Assam lemon + pineapple + ginger. This was more prof-
itable giving the highest net return of Rs.42,155 ha™' with a B/C ratio of 1.67. Nath

Table 7.4 Output from crops under coconut-based high-density multispecies cropping system
model in Kerala (1999-2005)

Black pepper

Fertilizer Coconut (nuts | Pineapple (kg | Clove (dry kg | Banana (kg | (kg dry) (bush™!
dosage (%) | palm~'year™") |fruit™) tree”! year™') |bunch™') year™")

100 145 0.89 1.44 5.76 0.87

66 147 0.70 1.55 5.43 1.66

33 147 0.57 1.25 4.70 0.90

25 137 0.43 1.12 4.36 1.06

20 129 0.48 1.00 391 0.42

Control 127 0.45 1.32 3.86 0.46

Full fertilizer dosage (N/P/K g plant™): coconut, 500:320:1200; pineapple, 8:4:8; clove,
300:250:750; banana, 200:200:400; black pepper, 50:50:150
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and Deka (2010) also from Assam reported increase in yield of 28-year-old coconut
garden spaced at 7.5 m x 7.5 m over the years after planting of various intercrops
irrespective of different cropping systems, wherein the maximum increase of nut
yield (68.62%) was recorded in coconut + black pepper + turmeric followed by
coconut + black pepper + ginger (50%), while only 8.69% increase was observed in
control (coconut + black pepper). The highest net return of Rs.1,46,549 ha~! and
B/C ratio 2.20, respectively, was recorded in coconut + black pepper + turmeric
cropping system. Among the various multispecies cropping system models evalu-
ated under 27-year-old ECT palm spaced at 7.5 m x 7.5 m in the east coast region
of Tamil Nadu, India, coconut + black pepper + banana + elephant foot yam+ green
leafy coriander) recorded the maximum net return of Rs. 57,577 with the B/C ratio
of 2.16. The increase in cumulative nut yield in this model was 24.28 % (Subramaniam
et al. 2010).

7.6.7 Coconut-Based Mixed Farming

This involves integration of other subsidiary enterprises such as livestock, poultry,
rabbitry, pisciculture and others along with the cultivation of fodder or pasture in the
coconut garden. Coconut, due to its perennial nature, offers a unique opportunity for
integration of animal husbandry enterprises such as rearing of cattle, goat or sheep
to provide significant economic benefits to the farmer (Shelton 1991).

According to Darwis (1990), the coconut farming systems adopted by Indonesian
smallholders can be classified into four types: farmyard, polyculture, monoculture
and tidal swamp. In Java, about 79% of the coconut smallholdings fall within the
polyculture pattern, where coconuts are grown with annuals, perennials or both
types of intercrops and the remaining is coconut monoculture. In tidal swamp areas,
coconuts are combined with fish, prawn, duck, crab or lowland rice production. In a
polyculture system, involving perennial crops such as cloves, bananas, breadfruit
trees (Artocarpus altilis) and sawo trees (Manilkara kauki), or pineapple and
banana; the best profitable crops were pineapple and banana.

Much of the area under coconut plantations is under tall varieties which are often
more than 30 years old, and therefore, light levels are high enough to support under-
storey vegetation such as pasture grasses. Sahasranaman and Pillai (1976) in India
found that Guatemala grass (Tripsacum laxum), hybrid Napier (Pusa giant and NB
21) and guinea grass (Panicum maximum) are the ideal fodder crops which gave a
yield of 50-60 mt of fresh fodder ha=! year~!' under coconut shade, while legumes
such as Brazilian lucerne (Stylosanthes gracilis) and cowpea (Vigna unguiculala)
yielded 30 tonnes ha™' year™'. At a feeding rate of 3040 kg of fresh fodder in the
ratio of 3:1 grasses and legumes animal! day~!, an area of 1 ha could support 4
milch cows.

Sahasranaman and Pillai (1976) reported 28% increase in nut yield in the root
(wilt) disease-affected area by adopting mixed farming practice over a period of 5
years. Jacob Mathew and Mohamed Shaffee (1979) and Nelliat and Krishnaji (1976)
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indicated the incremental benefit of coconut + dairy over coconut alone. They also
recorded increased coconut yield, satisfactory milk yield and employment potential
for about 800-850 days as against 150 days for pure coconut.

Generation of additional employment from 150 man-days to 1000 man-days ha™!
by adoption of mixed farming was also reported (Sahasranaman and Pillai 1976;
Sahasranaman et al.1976). Ferdinandez (1978) reviewed the studies done at the
Coconut Research Institute, Sri Lanka, and reported that there was long-term ben-
eficial effect on nut production by intercropping with certain pasture species, pro-
vided both crops are adequately fertilized and grown in favourable rainfall regions.

When grazing was introduced in coconut stands, a near doubling of coconut
yield was reported by several researchers (Childs and Groom 1964; Ovasuru 1988;
Moog and Faylon 1991). Moog and Faylon (1991) reported higher yield (80 to 100
nuts palm™' year™') when grazing was practised in gardens with improved pastures
compared to that in gardens with natural pastures (30 to 50 nuts palm™' year™").
Reynolds (1993) concluded that competition for moisture is likely to occur where
annual rainfall is below 1750 mm, particularly if it is not evenly distributed.

A coconut-based mixed farming system involving 14 activities and integrating
the crop and livestock systems was found to be the best in the linear programming
model (Salam et al. 1991). The structural and functional diversity of the compo-
nents of the system ensures a high level of resource use efficiency, meeting the
multiple demands (food, fodder, fuel and timber) of the farmer. The model also
recorded a B/C ratio of 1.64. Maheswarappa et al. (1998a) reported increase in nut
yield under mixed farming by 39.6% and 33.5% for WCT and Laccadive Ordinary
(LO) varieties of coconut, respectively. There was improvement in yield to the
extent of 91.6 and 60.7% for WCT and LO, respectively, due to adoption of mixed
farming (Maheswarappa et al. 2001). From an integrated nutrient management
study, Subramanian et al. (2008) found that Bajra Napier hybrid (CO3) grown as
intercrop in coconut garden under red sandy loam soil gave a fodder yield of 96
mt ha™! year~' with the application of chemical fertilizers alone. In coastal sandy
soil when Bajra Napier hybrid was grown as intercrop with soil moisture conserva-
tion measures, the fresh fodder yield obtained was 92 mt ha=! year~!' (Subramanian
et al. 2007, 2009, 2012b).

From a comparison of the performance of 8 grass species, Smith and Whiteman
(1983) from Australia recommended Stenotaphrum secundatum under deeper
shade, with light transmission (LT) of 30-50%. In the Philippines, introduction of
improved grasses or grass-legume pastures and cattle into coconut plantations
resulted in total income ranging from US $ 608 to 809 compared to US $ 10 from
coconuts alone (Deocareza and Diesta 1993). Stur et al. (1994) reviewed the
available information on cattle rearing under coconuts, citing several examples in
the Pacific Islands, and concluded that the level of production in such systems with
adapted forages was comparable to that obtained in open conditions. The prevalence
of the pasture-cattle-coconut systems in the different coconut-growing countries has
been reviewed by Reynolds (1995). In the Philippines, CBFS integrates complimen-
tary enterprises such as intercropping, livestock, processing of coconut products/
by-products and marketing (Aguilar and Benard 1993).
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The cropping systems practised in Sri Lanka include intercropping with seasonal
and annual crops, mixed cropping with perennials, alley cropping with a combina-
tion of tree legumes and seasonal crops and mixed farming involving cattle and
pasture (Liyanage and Dassanayake 1993). They also reported that coconut palms
in the integrated system involving Brachiaria milliformis/Pueraria phaseoloides
mixed pasture and G. sepium and Leucaena leucocephala fodder trees and cross-
bred cattle yielded 17% more nut and 11% more copra while maintaining the nutri-
ent status of the palm above the critical level despite reduced application of fertilizer.
Despite several factors which limit its widespread use by farmers, it was concluded
that the coconut + cattle integrated system could contribute to the development of a
sustainable and productive farming system in Sri Lanka (Liyanage and Dassanayake
1993). Iniguez and Sanchez (1991) estimated the percentage contribution of the
cattle component in a coconut cattle system in Bali, Indonesia, to be 75.

The information available from the research on pasture species for the coconut
plantations have been reviewed by Chen (1991), Reynolds (1993), Shelton et al.
(1987), Stur and Shelton (1991) and Wong (1991). Various suitable pasture species
have been identified, and their nutritional qualities have been ascertained (Norton
et al. 1991). Intercropping coconut with nitrogen-fixing trees is a sustainable and
productive land-use system. Such trees produce nutritious protein-rich fodder that
supplements pasture feed, reducing grazing pressure. They also provide rich organic
matter to the nutrient-poor soils of coconut plantations, besides additional farm
products such as fuel wood and fodder. According to Dalla Rosa (1993a), L. leuco-
cephala and G. sepium both perform well in the coconut understorey — yielding
useful fodder, fuel wood and green manure.

Mantiquilla et al. (2000) evaluated various forages under coconut in Mindanao,
the Philippines. Brachiaria decumbens applied with N fertilizer gave the highest
DM yield of 24 t ha™! year™! in a grazing system, while B. decumbens or Setaria
sphacelata grown with legumes yielded about 15 mt. In a cut-and-carry system,
Pennisetum purpureum gave the highest yields, but the forage quality was higher
with Panicum maximum. Nayar and Sahasranaman (1978) observed that mixed
farming had little effect on the size of soil aggregates when observed after a period
of 5 years. However, the system was found to improve soil physical properties such
as water-holding capacity, porosity and hydraulic conductivity and reduce bulk den-
sity both in the coconut basins and grass-cultured plots (Maheswarappa et al.
1998a).

Progressive increase in coconut production was noticed by Anitha et al. (2010)
from the initial yield of 24 nuts palm™ to 42 nuts palm™' in a 10-year-old coconut
plantation, spaced at 8 m x 8 m square pattern (156 palms ha=!) with the introduction
of a unit of 10 meat goats ha™' of coconut farm utilizing the natural feeds available
in the farm. According to Premaratne and Somasiri (2011), mixed farming system
involving ruminants provides regular supply of organic matter to the soil as daily
excretion of faeces and urine (amounting to 9.5% and 3.5% of body weight of ani-
mals, respectively). Integration of coconut/livestock could also enhance the coconut
production in the system due to the increase in fertility of soils from animal manure
as well as removal of weeds by animals (Sahasranaman and Pillai 1976; Bopaiah
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and Shetty 1991a; Biddappa et al. 1993; Maheshwarappa et al. 1998a). Higher
organic carbon, N, P and K status has been reported under grass-cultured plot. The
addition of slurry from the biogas plant helps to add considerable organic matter
into the system, thereby increasing the various microbial and biochemical proper-
ties of the soil. Among the grass species tried, guinea grass intercropped plots had
higher available N, P and K compared to coconut + hybrid Napier Bajra intercrop-
ping. Soils under mixed farming showed relatively lower values of available Ca,
Mg, Mn, Cu and Zn and marginal increase in available Fe status (Maheswarappa
etal. 1998a). In the integrated system involving coconut, mixed pastures and cross-
bred cattle, Liyanage et al. (1993c) from Sri Lanka reported that recycling of animal
excreta (73 kg fresh cattle manure and 30 | urine palm~! year™") reduced the cost of
fertilization of coconut by 69% and improved soil fertility by providing organic
carbon, total nitrogen and available phosphorus. The integrated system was also
found to be economically viable when compared with monoculture coconut. The
beneficial microbial community increased significantly in the root region of coconut
in the farming system compared to the populations in monocrop of coconut.
Intercropping of fodder hybrid Napier with coconut palms resulted in the prolifera-
tion of total bacteria and nitrogen-fixing organisms in the coconut rhizosphere in
root (wilt)-diseased and apparently healthy palms. Compared to the palms in the
control plot, crop mixing enhanced phosphate-solubilizing bacteria in root region of
root (wilt)-affected coconut palms harbouring significantly higher numbers (Potty
and Jayasankar 1976; Potty et al. 1977). The hybrid Napier + Stylosanthes gracilis
combination proved to be the best among the combined treatments because of low
level of denitrifiers and comparatively high proliferation of nitrifiers (Sahasranaman
et al. 1983).

Bopaiah and Shetty (1991b) found that bacterial counts were higher in the root
zone of coconut and Napier grass in mixed farming than that in monocropping of
coconut. Enhanced soil biological activity was also indicated by higher levels of
microbial biomass and activities of soil enzymes (phosphatase and dehydrogenase)
in the farming system. The impact of intercropping fodder grass and organic recy-
cling on microbial proliferation was evident not only at 0-25 cm depth but also in
25-50 cm and 51-100 cm depths in the basin (Thomas et al. 2010b). Aparna and
Arya Nath (2014) compared intercropping systems with fodder grass, banana, veg-
etables and tuber crops in red loam and laterite soils and found that coconut + fod-
der grass improved many of the soil physical and chemical attributes as the quantum
of organic matter added or recycled to the soil was more compared to the others.
The microbial activity was also more under organic system of cultivation which
resulted in higher enzyme activities.

According to Dalla Rosa (1993b) and Reynolds (1995), some of the potential
benefits of coconut-animal production systems are:

1. Improved nutritional security of farm family. Increased overall farm income
(coconut and animals) and greater employment opportunities

2. Increased stability for coconut farms through crop diversification and reduced
market and financial risks
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3. Increased soil fertility and reduced fertilizer costs as cow dung and cow urine
serve as organic manures for the cropping system

4. Improved growth and yields of coconut and effective understorey weed control

5. A better grazing environment for cattle provided by coconut and higher relative
humidity and soil water availability for pasture

7.6.8 Coconut-Based Homestead Farming System

The homestead is an operational farm unit in which a number of crops (including
tree crops) are grown mostly as coconut-based farming system involving livestock,
poultry or fish, mainly for the purpose of meeting the farmer’s basic needs.
Homestead farms or home gardens can be found in almost all tropical and subtropi-
cal ecosystems where subsistence land-use systems predominate. Such systems can
be found in Sri Lanka (Jacob and Alles 1987; Nimal 1989), Mexico (Rico Gray
et al. 1990), India (Nair and Sreedharan 1986; Krishnakumar 2010; Subramanian
et al. 2014), Bangladesh (Leuschner and Khalique 1987), Pacific Islands (Vergara
and Nair 1985), Indonesia (Michon et al. 1986) and several other countries, each
one with its own characteristics.

The small and marginal farmers of Kerala place high value on their homestead
farms as a source of nutritional security, additional income and for risk minimiza-
tion. These homestead farms also play a significant role in maintaining the quality
of microenvironment within the farm. An array of agricultural, horticultural crops
and other miscellaneous plants in the homestead farms indicate a high level of crop
diversity. Homestead farms are known to be repositories of biodiversity. Coconut-
based homestead farms often present crowding of all kinds of plants, and when
interplanted with multipurpose trees, the light availability is considerably reduced.
Homestead farming satisfies the requirements of sustainability by being productive,
ecologically sound, stable, economically viable and socially acceptable (John
2014). Systematic homestead farming requires careful selection of crops, and the
plot layouts should be well planned for maximum sunlight utilization and also to
cover the entire ground area with the identified crops. Productivity from the coconut-
based homestead farms can be further enhanced by integrating livestock into the
unit, which helps recycling of nutrients. Salam et al. (1991) opined that the home
garden system as seen in Kerala, though not scientifically laid out, is productive and
ensures better efficiency of scarce resources of land, water, nutrients and solar
energy. An economic analysis of the coconut-based cropping system using data col-
lected from 172 holdings in Southern Kerala showed that labour, manure and land
area have significant influence on productivity (Job et al. 1993). Krishnankutty et al.
(2013) reported that the homestead farms in medium elevation lands in Palakkad
district, Kerala, are predominantly with coconut-based cropping pattern, with coco-
nuts, areca nuts and a few tubers as intercrops.

Nair and Sreedharan (1986) reported 66 cultivated crop species, while Jose and
Shanmugharatnam (1994) documented more than 130 species in a single home gar-
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den, dominated by coconut as the main crop. They opined that the crops, though at
first glance appear to be haphazardly planted, have definite spatial arrangement
within the farm and these subsistence oriented systems were managed mostly by
family labour. From a survey of 815 smallholding coconut farms in Kerala,
Krishnakumar and Reddy (2007) reported that coconut-based cropping system was
the most predominant homestead cropping system followed by majority of farmers
(98.0%), and the size of homestead farms ranged from 0.04 ha to 2.40 ha with the
average being 0.54 ha. As the size of homestead farms increased, there was an
increase in the investment made and the profit obtained on account of cultivation of
coconut and other intercrops coupled with other enterprises. Later on, appropriate
interventions in crop production technology and management practices in a farmer
participatory approach were identified, and restructuring of homestead farms has
led to increase in cropping intensity ranging from 56% to 86% in Kerala, India
(Krishnakumar et al. 2007). An economic analysis indicated that the maximum
income could be realized by those farmers having land holdings of more than 0.4 ha
size (Krishnakumar 2010).

John and Nair (1998) developed an integrated model for small coconut-based
homesteads (0.2 ha) by linear programming. One model consisted of 43 enterprises
with a cropping intensity of 162%. Such a model could provide a net profit of
Rs.37,426 on investing Rs.25,000 indicating a B/C ratio of 2.5. The amount of sun-
light transmitted in coconut stand was 36% (John and Nair 1999), whereas when
interplanted with multipurpose trees, the light availability was reduced to less than
1 %. Therefore, meticulous selection of understorey crops and their varieties, timely
planting, following the temporal sharing concept and selective pruning of oversto-
rey canopy for shade regulation could mitigate the problem of low light availability
and improve overall productivity of the system. A net income of Rs.5,50,214 ha™!
year~! could be realized from 1 hectare of coconut-based homestead farming model
comprising of coconut with black pepper trailing on its trunk, banana, cows, fodder
grass, poultry and aquaculture at ICAR-CPCRI (Maheswarappa et al. 2001;
Subramanian et al. 2014).

Studies by Pandey et al. (2014) from South Andaman Islands of India indicated
that the coconut palms extended their roots quite close to the companion crops, but
companion crops extended their roots only up to a certain distance within the radius
of their canopies. Thus, the main crop and its intercrops separated their niches hori-
zontally. While there was facilitative mechanism by the main crop to its associative
crops above the ground, there existed an exploitative mechanism below the ground.

The floral diversity of homestead farms of various agroclimatic zones of 14 dis-
tricts of Kerala, covering 2500 farmers, was studied (Krishnakumar et al. 2010).
Coconut was the base crop in most of the homestead farms surveyed, with the inter-
space of which a wide variety of crops ranging from annuals to perennials were
cultivated so as to generate cash income after meeting the subsistence needs. John
et al. (2010) found coconut+ black pepper+ nutmeg to be the most sustainable sys-
tem in terms of economics and environmental consideration followed by coconut+
black pepper+ vanilla. Kalavathi et al. (2010a, b) reported significant improvement
in food and nutritional security as well as farm family income of 150 small and
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marginal coconut homesteads of three community-based organizations (CBOs) of
Kerala, through integrating interventions like intercropping, livestock rearing and
product diversification. Diversification of crops and coconut-based enterprises
implemented through CBOs emerged as the most effective strategy for improving
the quality of life of the marginal coconut farmers — both in terms of income and
food and nutritional security.

7.7 Harnessing Beneficial Microbial Resources

The beneficial effect of incorporation of legume creepers was reflected in the counts
of total microflora, asymbiotic nitrogen fixers, P solubilizers, and enzyme activities.
Soil spore counts and mycorrhizal infection of coconut roots were also increased in
green manure applied plots (Thomas 1987). Association of legumes with efficient
strains of Rhizobium spp. helps the nitrogen-rich green matter to be easily decom-
posed and the bound nutrients to be released. In order to enhance symbiotic effec-
tiveness of rhizobia in green manure legumes, the introduced strains of rhizobia can
be protected against acidic soil conditions by pelleting with alkaline substances
such as lime and rock phosphate (Thomas and Ghai 1991).

Field experiment to evaluate the effect of green manure legumes on root (wilt)
disease index and coconut yield indicated that basin cultivation and incorporation of
M. invisa and P. phaseoloides increased coconut yield by 21.6 and 14.7%, respec-
tively (Thomas and George 1990). Thomas et al. (2001a) reported the possibility of
substituting 25-50% N fertilizer by raising either C. mucunoides or M. invisa in
coconut basin.

HDMSCS promotes the proliferation of microbial diversity and biological activi-
ties to a great extent (Bavappa et al. 1986). In the HDMSCS with black pepper,
banana, clove and pineapple as component crops, the root region of coconut
recorded a sixfold increase in the population of bacteria and two- to threefold
increase in population of fungi in the cropping system at different depths in coconut
basins, compared to the monocrop of coconut (Bopaiah and Shetty 1991a). Bacteria
formed the most important component followed by actinomycetes and fungi in the
root region of coconut. The resource heterogeneity resulting from above-ground
crop diversity might have led to greater diversity of decomposers and detrivores.
The positive impact of cropping system was reflected on the soil microbial biomass
carbon, soil microbial nitrogen and soil enzyme activities. Medium levels of fertil-
izer inputs along with organic recycling favoured higher activities of soil enzymes
in the cropping system. The highest values of microbial biomass were recorded at
1/3 recommended levels of NPK (Kavitha 2009). The ratio of microbial biomass to
total carbon was high in rhizosphere of coconut under the cropping system indicat-
ing higher contribution of microbial biomass to total carbon. This shows the occur-
rence of large portion of inactive biomass at higher doses of mineral fertilizer inputs
(Thomas et al. 2016). Rohini Iyer (1983) reported that black pepper and coffee
grown with 1/3 doses of fertilizer application supported the maximum mycorrhizal
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activity, whereas for banana, clove, and pineapple, a 2/3 dose was found to exhibit
maximum activity.

Arbuscular mycorrhizal fungi belonging to the five genera, Glomus, Gigaspora,
Scutellospora, Serelerocystis and Acaulospora, formed symbiotic association with
roots of coconut seedlings (Thomas et al. 1991). A study on diversity of AM fungi
associated with coconut intercropping systems of Kerala, India, revealed that
mycorrhizal parameters like spore density, root colonization, species richness and
relative occurrence of species varied significantly among the cropping systems
(Ambili et al. 2012). The diversity of fungal species was reported to be maximum in
the HDMSCS of ICAR-CPCRI, Kasaragod, India, with coconut as the main crop
and banana, black pepper, pineapple and clove as component crops. From the coco-
nut palm cultivated in crop mixed system under rainfed condition in a highly pro-
ductive zone in Kerala, India, 40 AM species belonging to 10 genera were recorded
indicating high level of AM richness in coconut rhizosphere (Rajeshkumar et al.
2015). A study on second generation high-density multispecies cropping system in
Assam revealed the highest level of stimulation of microbial community in coconut
+ black pepper + turmeric cropping system followed by that in coconut + black pep-
per + ginger cropping system (Nath and Deka 2010), whereas in the east coast
region of Tamil Nadu, the microbial proliferation was the highest in the model hav-
ing coconut + black pepper + banana + elephant foot yam + greens (Subramaniam
et al. 2010).

Plants exert influence on soil microbial communities through root exudates,
which directly or indirectly influence plant growth (Bopaiah et al. 1987). The root
exudates of coconut from mixed farming and multistoried cropping systems had
significantly higher total sugar, amino acids and phenol content when compared to
monocrop of coconut. Amino acids constituted an important component of organic
fraction in root exudates of coconut and component crops in the cropping system
(Kavitha 2009). The total amino acid content varied in relation to the fertilizer treat-
ments in the root exudates of coconut (282.90 pr mol. g=! root) and component crops,
viz. pineapple, banana and clove (253.35-303.00 p mol. g~! root). The amino acids
recovered from the root exudates of coconut and component crops showed various
proportions of acidic and neutral amino acids.

Investigations on various cropping systems over several decades have revealed
the profound influence of the cropping systems in supporting higher population of
plant beneficial microbial community comprising of bacteria, fungi and actinomy-
cetes in the rhizosphere and root region of the main crop coconut, irrespective of the
crops which formed the components (Nair and Subba Rao 1977a; Potty et al.1977;
Antony 1983; Rohini Iyer 1983; Thomas 1987; Bopaiah and Shetty 1991a, b;
Kavitha 2009; Nath and Deka 2010).

Mixed cropping of cacao in coconut plantations improved the microbial activity
in the rhizosphere of coconut to a higher level which was also attributed to an
increase in organic matter content of soil due to periodic shedding of cacao (Nair
and Subba Rao 1977b). Intercropping of fodder grass hybrid Bajra Napier with
coconut palms resulted in the proliferation of total bacteria and N-fixing organisms
in the rhizosphere of apparently healthy and root (wilt)-diseased coconut palms
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compared to the palms in the monocropped plot (Potty et al. 1977). Antony (1983)
reported increase in soil microflora in the rhizosphere of root (wilt)-diseased coco-
nut palms as a result of intercropping with tuber and rhizome crops.

7.7.1 Microbial Resources with Function-Specific Traits

Function-specific microorganisms which are found to be of great relevance to the
growth and productivity of coconut and intercrops belong to 5 groups, viz. N-fixing
bacteria in the rhizosphere, N-fixing Rhizobium living in symbiosis with legumes,
phosphate-solubilizing bacteria, phosphate-solubilizing fungi and arbuscular
mycorrhizal fungi (AMF). The constant association of beneficial microbes with the
roots helps the palm in several ways contributing to the establishment, survival and
growth, particularly in nutrient-poor soils and under drought conditions. Studies on
mycorrhizal colonization showed that drought-tolerant genotypes were superior to
the susceptible ones in harbouring a higher level of mycorrhizae colonization in
roots, indicating the active role of host-fungus association under the conditions of
low water availability (Thomas et al. 1993). Summer irrigation had a positive influ-
ence on AM symbiosis in coconut (Harikumar and Thomas 1991). The root region
of coconut palm is inhabited by a number of free-living and associative N-fixing
bacteria which possess different levels of N-fixation activity. Beijerinckia indica is
the predominant asymbiotic N, fixer, capable of fixing N under acidic soil condi-
tions in coconut soils, and is also endowed with the properties of production of
polysaccharides which help in soil aggregation (Merilyn and Thomas 1992).

A study on 26 crops including plantation crops and intercrops in different crop-
ping systems revealed the occurrence of Azospirillum in different levels in coconut-
based farming systems (Ghai and Thomas 1989). The coconut harboured endophytic
association of unique diazotrophs with N-fixation and plant growth promotion prop-
erties (Thomas et al. 2001a; Thomas and Prabhu 2003). Fungal isolates from coco-
nut soils, particularly those of Aspergillus and Penicillium species, possess high
level of phosphate-solubilizing ability solubilizing up to 72% of insoluble phospho-
rus supplied (Thomas et al. 1985). Inoculation of soils with efficient phosphate-
solubilizing bacteria after addition of farmyard manure and rock phosphate results
in the release of more available P from insoluble P sources (Thomas and Shantaram
1986). Coconut rhizosphere soils have also been found to harbour
potassium-solubilizing bacteria belonging to Acinetobacter, Alcaligenes and
Micrococcus species (Alka Gupta et al. 2016).

From an extensive study on plant growth-promoting rhizobacteria (PGPR) asso-
ciated with coconut involving rhizosphere and root samples from 5 states of India,
512 PGPR isolates were collected which were found to possess various plant growth
promoting and biocontrol traits (Priya George et al. 2012a, c). They observed that
pseudomonas isolates from coconut rhizosphere showed antagonism towards
G. applanatum and T. paradoxa and significantly inhibited both pathogens.
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The dose of fertilizer applied has a direct bearing on the mycorrhizal activity, and
this may vary with host-fungus combinations. A good number of AM fungi can
withstand only low concentrations of soil nutrients. AM infection is negatively
related to the available soil P (Harikumar and Thomas 1991). Root (wilt) disease
had an adverse effect on AM symbiosis in coconut which was highly pronounced in
disease advanced palms (Thomas 1988). Thomas and Ghai (1987) reported
genotype-dependent variation in AM colonization in coconut, and the tall cultivars
had higher level of colonization than dwarfs and hybrids.

7.7.2 Biofertilizers as Inputs in Coconut Production

Formulations containing living cells of beneficial microorganisms multiplied in
a suitable carrier can form low-cost eco-friendly inputs for organic coconut produc-
tion. The group of microorganisms responsible for biological N-fixation,
P-mobilization, uptake of immobile elements, biological control and production of
plant growth-promoting substances have been found to be closely associated with
the coconut palm (Thomas and Prabhu 2003; Priya George et al. 2012a, b, c;
Rajeshkumar et al. 2015). Isolations and multilevel screening of microbes from
coconut ecosystem resulted in selection of efficient strains and development of
microbial formulations for application in crop production. These bioinoculants
enhanced root biomass and branching of secondary roots of the coconut seedlings.
Inoculation of PGPR, viz., Brevibacillus brevis and Bacillus coagulants, resulted in
production of coconut seedlings with high seedling quality index (Alka Gupta et al.
2006). Significant improvement in seedling growth parameters such as girth and
root production was recorded when Azospirillum brasilense was applied to coconut
seedlings raised in poly bags containing the potting media of coir pith-soil-sand
mixture (Srinivasa Reddy et al. 2001).

Research efforts on harnessing the rich microbial resources associated with
coconut palm resulted in the development and release of talc-based bio-formulations
of plant growth-promoting rhizobacteria (PGPR), viz. ‘CPCRI Kera Probio’ based
on Pseudomonas sp. for application to coconut. KerAM, a soil-based arbuscular
mycorrhizal (AM) formulation, containing Claroideoglomus etunicatum, as the
dominant AM species isolated from coconut agroecosystem with high potential to
increase the growth parameters of coconut seedlings, is another resource made
available as bioinoculants in coconut (Thomas et al. 2016). In Sri Lanka,
Ilangamudali and Senarathne (2016) found mixing arbuscular mycorrhizal fungus-
based biofertilizer at 50 g with potting medium in each poly bag at the time of plant-
ing seed nuts to be beneficial to produce quality seedlings with well-developed
roots, which gave good establishment in the field.

Field experiments conducted at ICAR-CPCRI, Kasaragod, India, revealed that
PGPR strains Bacillus megaterium TSB16 isolated from coconut and Pseudomonas
putida KDSF23 from cacao can be used as a bioinoculant for vegetable production
in organic agricultural systems indicating cross-compatible nature of PGPR. They
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can also serve as a single bioinoculant for coconut and vegetables in coconut-based
cropping system (Khadeejath Rajeela et al. 2016).

7.8 Organic Farming as a Viable Strategy in Coconut

Organic farming is a holistic production management system which promotes and
enhances agroecosystem health, including biodiversity, biological cycles and soil
biological activity, as per FAO/WHO Codex Alimentarius Commission. In organic
production systems, agronomic, biological and mechanical methods of manage-
ment practices are adopted avoiding the use of synthetic materials. Organic farming
system is defined as an integrated farming system that strives for sustainability, the
enhancement of soil fertility and biological soil fertility while, with rare exceptions,
prohibiting synthetic fertilizers, synthetic pesticides, antibiotics, genetically modi-
fied organisms and growth hormones (Paull 2010).

Coconut is one of the most amenable crops for organic farming, and a number of
agro-techniques are available for organic cultivation (Prabhu et al. 2000; Thomas
et al. 2001b, 2010a, b, 2012a). Recycling of waste biomass available in coconut
plantations, cultivation of N-fixing leguminous green manure crops, biofertilizers
and biopesticides are vital inputs in organic cultivation of coconut. Bio-resource-
based strategy to strengthen biological foundations of soil fertility is of vital impor-
tance to achieve sustainable productivity (Thomas et al. 2012b). The diversified
farming system, for which coconut is very amenable, will also enable addition of
large quantities of organic matter and their effective recycling within the system
helping to increase organic content of soil, improve microbial activity and make the
entire production system more productive even with little or no external inputs.

7.8.1 Vermicomposting of Coconut Leaf Biomass

The technology for bioconversion of lignin-rich crop residue biomass available
abundantly in coconut gardens to enrich organic resource, using local earthworm,
gives a new dimension to biological soil fertility management and crop nutrition in
coconut. The availability of biomass from well-managed coconut garden with 175
palms ha™! is estimated as 14 tonnes ha~! year~! in the form of leaves, spathe, bunch
stalk and husk. Though major portion of husk is used for extraction of coir fibre,
coir dust (the by-product of coir processing factories) can be used as a bio-resource
after biodegradation. The organic biomass can either be converted into compost by
using earthworms or microbial cultures. Coconut palm residues, being very hard,
are decomposed rather slowly, and hence vermicomposting has great relevance.
Lignocellulosic residues from coconut plantations can be converted into brown,
granular vermicastings using earthworms. At ICAR-CPCRI, a local earthworm
(Eudrilus sp.) closely related to the African night crawler and very effective in
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vermicomposting of coconut palm residues has been isolated, and the methodology
for vermicomposting has been standardized (Prabhu et al. 1998).

The recovery of compost is as high as 70%. The vermicompost, thus, produced
has a nutrient content of 1.8% N, 0.21% P and 0.16% K with a C/N ratio of 9.9.
From a 1 hectare coconut garden, it is possible to produce around 4 tonnes of ver-
micompost from coconut leaves alone. The vermicompost produced from coconut
leaves using Eudrilus sp. at ICAR-CPCRI is available in the trade name ‘Kalpa
Organic Gold’. In coconut plantations with irrigation facilities, in situ vermicom-
posting can be done in basins or in trenches dug in interspaces of four coconut
palms or by the heap method in plantations. This will enable disposal of coconut
residues in a less expensive and eco-friendly manner with the benefit of producing
high quality manure in coconut plantation.

The vermicompost increases soil fertility through addition of plant nutrients,
growth hormones, increased level of soil enzymes and important microorganisms as
they are rich in microbial diversity, population and activity. The agro-residues from
component crops in the cropping system like banana, pineapple and others recycled
through vermicomposting process produce quality organic manure (Thomas et al.
2012b). Application of entomo-pathogenic fungus, Metarhizium anisopliae, along
with coconut leaves in vermicomposting tanks, was effective for the control of
Oryctes rhinoceros, which multiplies in coconut leaf substrate during vermicom-
post production (Murali Gopal et al. 2006). Nine out of 15 microbial communities,
particularly the plant beneficial ones, were enriched in the vermicompost produced
from coconut leaves + cow dung mixture compared to 5 communities in vermicom-
post produced from cow dung alone. The coconut leaf vermicompost contained
significantly high population of fungi, free-living nitrogen fixers, phosphate solubi-
lizers, fluorescent pseudomonas and silicate solubilizers (Murali Gopal et al. 2009).

Vermiwash is a liquid organic fertilizer generated as a spin-off technology from
vermicompost production. Coconut leaf vermiwash produced during vermicom-
posting of coconut leaves had the properties to increase crop production capacities
of soil by enhancing the organic carbon content in the soil and increasing the popu-
lations of the soil microorganisms, particularly plant beneficial ones and their activ-
ities which facilitated increased uptake of the nutrients by the plants. Application of
coconut leaf vermiwash (CLV) was observed to boost the biomass yield of crops
such as cowpea, maize and bhendi (Murali Gopal et al. 2010, 2012).

7.8.2 Bioconversion of Coir Pith to Valuable Resources

Coir pith, with high C/N ratio and lignin and polyphenol content, is resistant to
natural degradation. It can be made more amenable for earthworm/microbial activ-
ity and subsequent decomposition by various chemical and decomposition methods.
The Eudrilus sp. of earthworm was found to be ideal for vermicomposting of coir
pith when mixed with coconut leaves (Thomas et al. 2001b), producing granular
vermicompost in 2 months with 1.2% N and a C/N ratio of 16.7:1. The composted
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biomass was found to be of superior quality with respect to content of major and
micro nutrients and plant beneficial microorganisms particularly the bacteria
involved in nutrient transformation and growth promotion.

Co-composting of coir pith can be done using poultry manure, lime and rock
phosphate at 10 kg, 0.5 kg and 0.5 kg, respectively, for every 100 kg of coir pith.
This brings about bioconversion of coir pith to a final product in 45 days, which
possesses physicochemical characteristics required for quality organic manure with
low C/N ratio (21.42), which is considered as a maturity index of composting pro-
cess (Thomas et al. 2013). The composted coir pith can be used as manure in coco-
nut plantations and can increase the capability of soils to store moisture and
nutrients. The coir pith compost, thus, produced has been released with the trade
name ‘Kalpa Soil Care’ by ICAR-CPCRI.

Ghosh et al. (2007b) composted coir pith fortified with edible oyster mushroom
and urea in a multilayer heap fashion using perforated PVC pipes. The composted
pith was an excellent organic manure, with a reduced C/N ratio of 20:1, pH of about
6.5 and electrical conductivity of 0.23 dS cm~!. Tripetchkul et al. (2012) attempted
multilayered heap composting of coir pith and obtained compost within 21 days.
Forced aeration during composting of coir pith is not necessary if coir pith is forti-
fied with cow manure, rice bran and coconut water and operated under low C/N
ratio; however, maturity was reached only at 35 days of post-composting.

Use of microbial starter cultures having lignin degradation capacity enhances the
decomposition of coir pith (Nagarajan et al. 1985). The efficacy of various biocon-
trol agents such as Trichoderma and Chaetomium with cellulolytic activities was
tested for degrading coir pith (Ramamoorthy et al. 1999). The work done at ICAR-
CPCRI, Kasaragod, resulted in the isolation of an efficient ligninolytic basidiomy-
cete fungus, Marasmiellus troyanus. Studies on naturally decomposing coconut
biomass resulted in the isolation of efficient ligninolytic and cellulolytic fungi such
as Lepista sp., Lentinus squarrosulus and Schizophyllum commune with degrada-
tion potential (Thomas et al. 2001a). Lignocellulosic biomass from coconut palm
including coconut leaf stalk and bunch waste could be used as substrate for cultiva-
tion of oyster mushroom with a biological conversion efficiency of 57-70%, and the
spent substrate available after the cultivation can be utilized as quality organic
manure for crop production (Thomas et al. 1998a). Mixing of coir pith and leaflets
with leaf stalk, bunch waste and leaflets resulted in higher yield of mushrooms
(Thomas et al. 1998b). Crop duration of Pleurotus sajor-caju (oyster mushroom)
was more in lignocellulosic biomass of coconut, particularly when leaf stalk was the
substrate.

7.8.3 Direct Utilization of Organic Matter

Coconut husk, coir pith and leaves are ideal materials for use as mulch in coconut
basins due to their lignocellulosic nature which offer resistance to microbial decom-
position. Mulching is an important cultural practice in coconut gardens not only to



294 G. V. Thomas et al.

conserve moisture and soil but also to suppress the weed growth and supply nutri-
ents and organic matter. One hundred husks will provide 1 kg of potash apart from
270 g N and 150 g P,Os (Jothimani 1994). Effect of husk buried will be observed
from third year onwards, and the beneficial effect lasts for 5-6 years. The biomass
available from inter/mixed crops can be used for mulching and as a source of nutri-
ents in coconut plantation. Cacao, as a component of multiple cropping system,
adds substantial quantity of organic matter to the soil. When grown under single and
double hedge system in adult coconut plantation, cacao litter fall was to the tune of
818 and 1785 kg ha~! year™!, respectively, on oven-dry basis (Varghese et al. 1978a,
b). With a nutrient content of 2.84% N, 0.26% P and 1.73% K (Eernstman 1968),
the cacao leaf litter in the double hedge system could contribute 50 kg N, 11 kg P,Os
and 35 kg K,O every year to the soil in the coconut-cacao mixed cropping system.
Effective recycling of organic materials (farmyard manure, poultry manure, cow
urine, cowshed washing, etc.) from 1.2 ha coconut garden adopting coconut mixed
farming could supply 125 kg N, 78 kg P,0s and 115 K,0 year™' (Maheswarappa
et al. 1998a).

7.8.4 Field Validation of Organic Farming Technologies

From a 6-year study on coconut-based integrated farming system (CBIFS) main-
tained with only organic inputs, a mean yield of 108 nuts palm~' year~' from coco-
nut could be obtained in addition to a fodder yield of 106 t ha™! year~! (Table 7.5).
The soil nutrient status in terms of organic carbon and available N and P was sub-
stantially improved under organic treatments. However, the K content was low due
to the higher uptake of K by coconut and fodder crop. The integrated system was
highly remunerative with an average net return of Rs. 2,85,512 ha~! achieving eco-
nomic and environmental advantages. Organic farming with integrated package of
biological management practices, involving animal husbandry enterprises, avoiding

Table 7.5 Effect of nutrient management on yield of coconut and fodder grass in CBIFS

Mean hybrid Bajra

Mean coconut Napier (CO3) yield Crude protein

productivity (nuts (fresh fodder tonnes content of
Treatments palm~1) ha™") fodder (%)
Coconut monocrop + 97
recommended fertilizers
CBIFS: 50% inorganic 119 117 12.19
fertilizers + 50% through
organics
CBIFS: 100% through 108 106 12.69
organics
CBIFS: 100 % through 106 96 11.94
inorganics
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all chemical inputs, enables to achieve sustainable productivity from coconut plan-
tations. The integrated farming system under higher organic inputs recorded very
high level of microbial biomass content and enzyme activities of phosphatase and
dehydrogenase in the root region soils, indicating the stimulation of biological and
microbial activities (Thomas 2010).

Organic farming has been found to be feasible in coconut with integrated treat-
ments utilizing organic and bio-inputs including recycling of waste biomass by ver-
micomposting, in situ cultivation and incorporation of leguminous cover crops and
biofertilizers of Azospirillum and Bacillus at 100 g each annually and other cultural
practices including irrigation through the drip system in summer months.

A long-term study (2003-2014) conducted at ICAR-CPCRI, Kasaragod, India
(Thomas et al. 2010b; Subramanian et al. 2016) has clearly indicated the possibility
of organic farming in coconut under coastal ecosystem. The increase in yield for
WCT variety of coconut was 65% (from the mean yield of 55 nuts palm~! year~! to
the mean yield of 96 nuts palm~' year™'), while that of Chandrasankara (COD x
WCT) was 55% (from the mean yield of 68 nuts palm~' year~! to 108 nuts palm™!
year™'), respectively, during the initial 3 years of conversion period and during the 8
years of post-conversion period (Table 7.6). The practice of vermicomposting the
recyclable biomass in trenches made in the interspaces, application of biofertilizers
(Phosphobacteria and Azospirillum at 100 g palm™'), raising cover crop in basins and
its incorporation were found to be the best for improvement in soil nutrient status and
enhancement of soil microbial population, as well as nut yield and copra content.

From an analysis of organic farming practices followed by 150 coconut farmers
from Tamil Nadu, Kerala and Karnataka, India, Jaganathan et al. (2013) reported
that growing intercrops, use of green manure crops and mulching were the main
agronomic practices adopted. The major organic inputs produced or prepared at the
farm were crop residues, farmyard manure, cow dung slurry and vermicompost. The
mean yield and productivity of coconut was found to be 93 nuts palm~" year~! and

Table 7.6 Effect of organic and biological sources of nutrients on yield of WCT and COD x WCT
coconut palms (nuts palm~! year™!)

Yield during the
conversion period Mean yield
(2003-2006) (2007-2014)
COD x COD x
Treatments WCT WCT WCT WCT
Vermicomposting (in basin) + biofertilizers + | 67 74 88 106
cover cropping in interspace
Vermicomposting (in trenches) + biofertilizers | 64 77 96 108
+ basin management with cover crops
Vermicomposting (in basin) + biofertilizers + | 66 72 88 98
intercropping vegetables
Vermicomposting (in trenches) + biofertilizers | 68 77 91 107
+ intercropping vanilla and black pepper
Control 54 64 55 68




296 G. V. Thomas et al.

13,140 nuts ha™', respectively. Experimental results from long-term trials and the
experience in farmers’ gardens revealed that organic farming can become a viable
strategy for sustainable coconut production, providing greater advantages in terms
of ecological and economic benefits, with locally available resources and adoption
of integrated farming involving animal husbandry enterprises.

From the experiments conducted over the years, the following practices are sug-
gested for organic farming in coconut:

1. Use of seed nuts from organically grown plantations or from plantations where
chemicals are not used.

2. Raising of seedlings without chemical inputs with bio-priming of PGPR, arbus-

cular mycorrhizae, Azospirillum and phosphobacteria.

Adopting a suitable spacing of coconut to facilitate inter/mixed cropping.

4. Recycling of biodegradable biomass from coconut, intercrops and animal ori-
gin by on-farm vermiculture.

5. Planting of leguminous cover crops and green manure crops in basins or
interspaces.

6. Application of biofertilizers of nitrogen-fixing bacteria, P-mobilizing bacteria
and plant growth-promoting rhizobacteria (PGPR).

7. Promoting biodiversity by inter/mixed cropping or high-density multispecies
cropping by growing annuals, biennials and perennial crops.

8. Establishing mixed farming system with dairy unit including milch cows and
raising fodder crops in interspaces. Subsidiary enterprises such as poultry, rab-
bitry, pisciculture, bee keeping and sericulture could be included.

9. Mulching with organic wastes from coconut to improve moisture holding
capacity.

10. Irrigation to avoid moisture stress during summer months, preferably adopting
drip irrigation.

11. Use of biopesticides such as microorganisms, parasites, predators and natural
plant-based pesticides to manage the pests and diseases.

[O8]

7.9 Future Thrust

The future strategies in coconut production should focus on higher level of produc-
tivity with cost-effective technologies based on natural resource management aimed
at achieving competitiveness in coconut cultivation across all the producing coun-
tries through the following measures:

Achieving higher productivity in organic farming through integrated application
of the technologies, approaches for replenishing higher export of K through appro-
priate means since there are reports of K becoming deficient under prolonged
organic cultivation, explicit elucidation of information on the economic viability
and long-term effect of adopting organic farming on soil properties and environ-
ment, research on impact of climate change on coconut cultivation, developing cli-
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mate-resilient technologies which permit adaptation of the crop to climatic changes
and building crop soil resilience, designing soil and crop management strategies
based on conservation and effective utilization of natural resources to enhance
sequestration of organic carbon, to improve the quality of soil and to prevent the
loss of carbon as carbon dioxide with a view to mitigating the adverse effect of
global warming, identification of constraints in coconut cultivation and standardiza-
tion of precision farming, using Global Positioning System and Geographical
Information System, development of site-specific management practices for opti-
mum utilization of resources to achieve higher productivity simultaneously reduc-
ing the environmental hazards of overapplication of fertilizers and chemicals,
developing cropping/production systems with higher nutrient and water use effi-
ciency incorporating the beneficial properties of crop diversity, conservation agri-
culture and the rhizosphere ecology playing a crucial role in soil nutrient dynamics,
plant nutrient uptake and soil health, utilization of the enormous potential existing
in use of bio-resources, recycling of waste biomass, tapping nitrogen-fixing poten-
tial of legumes, utilizing plant-microbe synergy and biofertilizers, better under-
standing the microbiome of coconut roots and identifying novel molecules produced
from rhizosphere microorganisms, and validate them for nutrient use efficiency and
soil health management to achieve sustainable production in an eco-friendly
manner.

References

Abad RG (1980) Weeds in coconut and their control. Weed Sci Soc Philippine Newsl 8(1):3-5

Abad RG, Prudente RL, Magat SS (1978) Incidence of leaf spots in coconut fertilized with various
combinations of N, P and K. Philippine J Cocon Stud 3(1):37-44

Abbas BS, Dja’far D (1989) Sensitivity analysis of cacao cultivation: relative profitability of coco-
nut and Leucaena glauca L. (L. leucocephala) as shade plants, based on a case study at Bah
Lias Plantation, North Sumatra. Bull Perkebunan 20(2):97-103

Abdul Khader KB, Rajamony L, Balakrishnan PC (1984) Effect of raising cocoa as a mixed crop in
adult coconut plantations. In: Proceedings of PLACROSYM VI, Oxford and IBH Publishing,
New Delhi, pp 367-374

Abeyawardana V (1954) The density of palms in triangular and square planting. Ceylon Cocon
Qtly 5(2):94

Abeygunawardena P, Abeyratne F, Fernando MTN (1995) Economics of soil moisture conserva-
tion in coconut lands using coconut husks and coir dust. COCOS 10:35-47

Abeywardena V (1981) Influence of watering on the yield of coconut. Ceylon Cocon Qtly
30(3-4):91-100

Aguilar EA, Benard GH (1993) Coconut based farming systems research and development in the
Philippines. In: Nair MK, Khan HH, Gopalasundaram P, Rao EVVB (eds) Advances in coconut
research and development. Indian Society for Plantation Crops, Kasaragod, pp 347-355

Aiyadurai S (1954) A note on the nursery studies on coconut seedlings. Indian Cocon J 7:156-163

Alka Gupta, Murali Gopal, Thomas GV (2006) Bioaugmentation of Cocos nucifera L. seedlings
with plant growth promoting rhizobacteria, Bacillus coagulans and Brevibacillus brevis for
growth promotion. In: Proceedings of XXXVI conference and annual meeting of European
Society for new methods in agricultural research. Iasi, Romania, Sept. 1014, 2006



298 G. V. Thomas et al.

Alka Gupta, Murali Gopal, Ravindran D, Thomas GV (2016) Prevalence of potassium solubi-
lizing bacteria in the rhizosphere of coconut palms (Cocos nucifera L.) growing in different
soil types. In: Chowdappa P et al (eds) Abstracts of 3rd International symposium on coconut
research and development. ICAR-CPCRI, Kasaragod, Kerala, India, p 178

Almaden EA, Santiago RM (1980) Response of coconut seedlings to spacing and application of
nitrogen and potassium. Ann Trop Res 2(2):89-95

Amalu UC (1998) Effect of salinity on growth of Nigerian dwarf coconut (Cocos nucifera L.)
seedlings. Glob J Pure Appl Sci 4(1):15-20

Ambili K, Thomas GV, Indu P, Murali Gopal, Alka Gupta (2012) Distribution of arbuscular mycor-
rhizae associated with coconut and arecanut based cropping systems. Agric Res 1(4):338-345

Anilkumar KS, Wahid PA (1988) Root activity pattern of coconut palm. Oleagineux 43(3):37-342

Anitha S, Joseph L, Aravindakshan K (2010) Integration of meat goats on the productivity of coco-
nut farm. In: Thomas GV, Krishnakumar V, Augustine Jerard B (eds) Improving productivity
and profitability in coconut. Proceedings of International conference on coconut biodiversity
for prosperity. CPCRI, Kasaragod, India, pp 181-182

Anonymous (1967) Coconut research in the British Solomon Islands. Ext. Pamphlet 10/67 Dept.
of Agri. British Solomon Islands Protectorate pp 1-33

Anonymous (1971) Nursery management and selection of seedlings. Leaflet No 2. Revised edn.
Coconut Research Institute, Sri Lanka

Anonymous (1975) The Philippine recommends for coconut 1975. The Philippine Council for
Agriculture and Resources Research, p 63

Anonymous (1977) Selection of seedlings in the nursery. Reports and papers, Coconut conven-
tion, Directorate of Extension Education, Kerala Agricultural University, Thrissur, Kerala, p 44

Anonymous (1987) Planting coconut seedlings. Advisory circular no. Al, Coconut Research
Institute of Sri Lanka

Anonymous (1989) Coconut- package of practices. CPCRI, Kasaragod

Anonymous (2000a) Coconut leaf pruning. A potential tool for higher farm productivity. Techno
Guide Sheet No. 3. Series of 2000. Department of Agriculture, Philippine Coconut Authority,
p2

Anonymous (2000b) Under-planting of young coconuts on bearing palms for the production of
edible vegetative pith or “Ubod”- Techno Guide Sheet No. 7.Series of 2000. Department of
Agriculture, Philippine Coconut Authority, p 2

Antony J (1983) Microbiological activities in the root region of coconut (Cocos nucifera Linn.)
under intercropping with tuber crops. PhD thesis, University of Kerala, Trivandrum

Aparna B, Arya Nath V (2014) A comparative study on soil chemical and biological regimes under
coconut ecosystem in red loam and laterite soils of Trivandrum district- a farmer participatory
active research. Indian J Sci Res Tech 2(5):14-17

Arunachalam V, Reddy DVS (2007) Foliar traits of jasmine plants intercropped in coconut.
Agrofor Syst 71:19-23

Aterrado ED, Abad RG (1998) Response of coconut to simulated injury levels caused by leaf-
feeding pests. Philippine J Crop Sci 23.(Suppl 1):39—-40

Athmanathan U, Bhaskaran R, Karthikeyan A (2000) Banana: ideal intercrop for coconut. Coconut
Research Station, Veppankulam, Tamil Nadu. Online edition of India’s National Newspaper —
The Hindu. Thursday, November 30, 2000

Azevedo PV, Sausa IF, Silva BB (2006) Water-use-efficiency of dwarf-green coconut (Cocos
nucifera L.) orchards in northeast Brazil. Agric Water Manage 84:259-264

Babu KS, Asan RB, Bhaskaran C, Mohanakumaran N, Kunju UM (1993) Coconut yield response
to monthly rainfall. Indian Cocon J 23(10):8-10

Bachy A, Briolle C, Villeman G (1962) Etude de la fumure des pepinieres de cocotiers en Cote
d’Ivoire et au Dahmoey. Oleagineux 17(3):161-164

Bailey P, O’Sullivan D, Perry C (1977) Effect of artificial defoliation on coconut yields in Papua,
New Guinea. Papua New Guinea Agric J 28(2, 3 and 4):39-45



7 Agro-management Practices for Sustainable Coconut Production 299

Balakrishnan TK, Nair PKR, Nelliat EV (1976) Microclimate of coconut varieties and cacao and
cinnamon grown as mixed crops with coconut. Indian J Meteorol Hydrol Geophys 27(1):71-74

Bandaranayake CK, Peries RRA, Perera L (1997) The suitability of optional material as a replace-
ment for coir dust in raising coconut seedlings in polybags. COCOS 12:33-38

Baranwal VK, Manikandan P, Ray PK (1989) Crown choking disorder in coconut- a case of boron
deficiency. J Plantn Crops 17:114-120

Bari MS, Rahim MA (2012) Economic evaluation and yield performance of some medicinal plants
in coconut based multistoried agroforestry systems. Agriculturist 10(1):71-80

Basavaraju TB, Bhagya HP, Prashanth M, Arulraj S, Maheswarappa HP (2014) Effect of fertiga-
tion on the productivity of coconut. J Plantn Crops 42(2):198-204

Bastine CL, Palanisami K (1998) Irrigation in small holder coconut cultivation in Kerala, India — a
financial analysis. COCOS 13:40-53

Bastine L, Khader A, Rajamoy L, Abdul K (1986) Cost-benefit analysis of intercropping of cacao
in coconut gardens. Madras Agric J 73(3):170-172

Bavappa KVA (1975) Intensive cropping possibilities in plantation corps. Planters Chron
69(9):260-262

Bavappa KVA, Abdul Khader KB, Biddappa CC, Khan HH, Kasturi Bai KV, Ramadasan A,
Sundararaju P, Bopaiah BM, Thomas GV, Misra LP, Balasimha D, Bhat NT, Shama Bhat K
(1986) Coconut and arecanut based high density multi-species cropping systems. J Plantn
Crops 14(2):74-87

Benard G, Margate RZ, Daniel C, Eroy MN (1996) Food intercrops under adult coconut palms. In:
EEC-STD3-TS3- CT92-0132, 3rd technical report, p 62

Bhaskaran UP, Leela K (1978) Response of coconut to irrigation in relation to production status
of palms and soil type. In: Nelliat EV (ed) Proceedings of PLACROSYM 1. Indian Society for
Plantation Crops, Kasaragod, pp 200-206

Biddappa CC, Bopaiah MG, Kailasam C, Shanavas M, George KM (1993) Effect of long term
coconut-grass system on certain nutrients in the soil. J Plantn Crops 21(suppl):41-46

Bopaiah BM, Shetty HS (1991a) Microbiology and fertility in coconut-based mixed farming and
coconut monocropping systems. Trop Agric 68(2):135-138

Bopaiah BM, Shetty HS (1991b) Soil microflora and biological activities in the rhizospheres and
root regions of coconut-based multistoreyed cropping and coconut monocropping systems.
Soil Biol Biochem 23(1):89-94

Bopaiah BM, Shekhara Reddy H, Nagarajan KV (1987) Biochemical characterization of root exu-
dates of coconut palm. Curr Sci 56:832-833

Borah SC (1991) Standardization of nursery techniques in coconut. In: Silas EG, Aravindakshan
M, Jose Al (eds) Coconut breeding and management. Kerala Agricultural University, Thrissur,
pp 276-277

Bourgoing R (1990) Choice of cover crop and planting method for hybrid coconut growing on
smallholdings. Oleagineux 45:23-30

Bourgoing R, Boutin D (1987) Method of controlling Imperata using light wooden rollers and
establishing cover crops (Pueraria) in young hybrid coconut plantations in a village environ-
ment. Oleagineux 42(1):19-23

Bullecer R, Arellano Z, Stark M (2006) Participatory assessment of coconut-based agroforestry
in San Isidro, Bohol. Paper presented during the 2nd National Agroforestry Congress, Pili,
Camarines Sur, Philippines, 26-27 October 2005, pp 1-11

Cabangbang RP, Aguilar EA, Ilao SSL, Malisci LC (1991) Intercropping coconut with cacao.
In: Success stories of farmer-managed coconut-based farming systems, Philippine Council for
Agriculture, Forestry and Natural Resources Research and Development (PCARRD) Book
Series, Los- BaZos, Philippines, vol. 1, pp 1-10

Canja LH, Magat SS (2006) Coconut—coffee (Robusta/Excelsa/Arabica) cropping model. Coconut
intercropping guide no. 6, pp 1-10

Canja LH, Magat SS, Margate RZ (2003) Long-term coconut leaf pruning (CLP) effects on CBFS:
coconut-coffee agroecosystem. CORD 19(2):39-46



300 G. V. Thomas et al.

Cano SB, Santos GA, Bahala RT (1989) Germination, growth and development of coconut seed-
lings in relation to seed nut preparation, position and polybagging. In: Training manual of
short course on collection, conservation and characterization of coconut genetic resources.
Philippines, 1990

Cecil SR (1991) Calcium and magnesium nutrition of the coconut palm. In: Silas EG, Aravindakshan
M, Jose Al (eds) Coconut breeding and management. Kerala Agriculturtal University, Thrissur,
pp 219-224

Chang AK (1978) An investigation into the optimum period of retention of MAWA coconut seed-
lings in polybag and field nurseries. In: Proceedings of the International conference on cocoa
and coconuts, Kuala Lumpur, pp 568-578

Chattopadhyay N, Hore JK (2012) Influence of nut weight and method of planting on germination
and seedling growth of coconut. J Crop Weed 8(1):98-100

Chattopadhyay PK, Mitra SK, Dasgupta MK (1995) Coconut-based farming system for sustained
production. In: Ghosh DC, Das Gupta D, Majumdar DK, Chattopadhyay GN, Ganguli PK,
Munsi PS, Bhattacharya D (eds) Proceedings of National symposium on sustainable agricul-
ture in sub-humid zone, pp 171-172

Chattopadhyay N, Sharangi AB, Hore JK (2004) Effect of position and depth of planting on ger-
mination of coconut. Haryana J Hortic Sci 33(1-2):85-86

Chen P (1991) Management of forages for animal production under tree crops. In: Ifiguez L,
Sanchez M (eds) Proceedings of International workshop on integrated tree cropping and small
ruminant production systems, Medan, Sumatra, Indonesia

Child R (1974) Coconuts, tropical agricultural series, 2nd edn. Longman, London, pp 568-578

Childs AHB, Groom CG (1964) Balanced farming with cattle andcoconuts. East African Agric For
129(3):206-207

Chowdhury D, Deka KK (1997) Coconut based inter/mixed cropping under Assam conditions.
J Plantn Crops 25(1):106-108

Coomans P (1974) Planting densities for the coconut palm. Oleagineux 29:409-414

CPCRI (1975) Central Plantation Crops Research Institute, Annual Report 1974, Kasaragod,
India, pp 24-27

CPCRI (1979) Central Plantation Crops Research Institute, Annual Report for 1977, Kasaragod,
India, pp 32-34

CPCRI (1984) Annual report 1982. Central Plantation Crops Research Institute, Kasaragod, India,
p32

CPCRI (1989) Annual Report 1988. Central Plantation Crops Research Institute, Kasaragod,
India, p 37

CPCRI (2002) Annual report 2001-02. Central Plantation Crops Research Institute, Kasaragod,
India, pp 28-29

CPCRI (2003) Annual report 2002-03. Central Plantation Crops Research Institute, Kasaragod,
India, pp 32-33, 38

CPCRI (2004) Annual report 2003-04. Central Plantation Crops Research Institute, Kasaragod,
India, pp 33-34, 38

CPCRI (2008) Annual report 2007-08. Central Plantation Crops Research Institute, Kasaragod,
India, pp 31-32

CPCRI (2009) Annual report 2008-09. Central Plantation Crops Research Institute, Kasaragod,
India, p 40

Creencia RP (1979) Inter cropping coconut with cacao. Philippine J Cocon Stud 4(3):29-35

Dalla Rosa KR (1993a) Intercropping coconuts with nitrogen fixing tress. Agrofor Pac Technol
6:179-182

Dalla Rosa KR (1993b) Cattle under coconuts — a practical Pacific tradition. Published by the
Agroforestry Information Service (AIS) of the Nitrogen Fixing Tree Association (NFTA).
A publication of the Agroforestry Information Service. Number 7. Winrock International,
pp 183-186

Daniel C, Adje I, Vihoundje F (1991) Performance of Dwarf x Tall coconut hybrids in a dry climate
and with supplementary irrigation. Oleagineux 46(1):13-22



7 Agro-management Practices for Sustainable Coconut Production 301

Darwis SN (1988) Status of intercropping on coconut lands in Indonesia. In: Proceedings of work-
shop on intercropping and intergrazing in coconut areas, 7-11 September, 1988, Colombo, Sri
Lanka

Darwis SN (1990) Models of coconut based farming system in Indonesia. Indonesian Crop Res
J2(2):43-49

Darwis SN, Tarigans DD (1990) Management of soil in coconut based farming system. In: de
Silva S (ed) Proceedings of XXVII COCOTECH meeting on coconut based farming systems,
Manila, Philippines, pp 503-518

Das PK, Yusuf M, Hegde MR (1991) Reducing the risk in rainfed coconut cultivation. Indian Fmg
40(10):29-34

Daswir HAS, Dja’far D (1988) Analysis of cacao shaded with coconut (Cocos nucifera) compared
with Leucaena glauca in North Sumatra. Buletin-Perkebunam 19(2):99-106

Dauzat J (1995) Coconut architecture modelling and simulation of the radioactive climate
under coconut. In: Proceedings of the seminar on European research working for coconut,
Montpellier, France, pp 91-99

Dauzat J, Eroy MN (1997) Simulating light regime and intercrop yields in coconut based farming
systems. Eur J Agro 7:63-74

De Luna CC (2008) Socio-economic factors influencing choice of crop combinations in coconut-
based agroforestry system in Makiling Forest Reserve, Philippines. MS thesis. University of
the Philippines, Los Baiios

de Silva MAT, Abeywardena V (1970) Leaf growth in relation to age and the bearing status of
coconut palms. Ceylon Cocon Planters’ Rev 6(2):59-62

Denamany G, Sharif Bin Ahmad MD, Hamid NBB (1979) Coconut intercropping systems in
Peninsular Malaysia. Oleagineux 34(1):7-15

Deocareza AGF, Diesta HE (1993) Animal production on improved pasture crops under coconuts.
In: Proceedings of 3rd meeting of regional working group on grazing and feed resources of
Southeast Asia on srategies for suitable Forage-based Livestock production in South East Asia,
pp 189-193

Deshpande BR, Kulkarni VG (1962) Studies in germination of coconut. Part I. Cocon Bull
16:336-338

Dhanapal R, Yusuf M, Bopaiah MG (1995) Moisture movement studies under drip irrigation in
coconut. J Plantn Crops 23(1):28-34

Dhanapal R, Maheswarappa HP, Subramanian P (1998) Low cost water saving irrigation technol-
ogy and its adaptability for coconut. Indian Cocon J 24(4):85-87

Dhanapal R, Subramanian P, Maheswarappa HP (1999) Methods of irrigation in coconut gardens.
Indian Cocon J 29(11):4-7

Dhanapal R, Maheswarappa HP, Subramanian P (2000a) Response of coconut roots to the methods
of irrigation in littoral sandy soil. J Plantn Crops 28(3):208-211

Dhanapal R, Maheswarappa HP, Subramanian P, Sairam CV, Gopalasundaram P (2000b) Micro
irrigation technique for coconut in sandy soil. In: Muralidharan M, Rajkumar R (eds) Recent
advances in plantation crops research. Allied Publishers, Chennai, pp 181-186

Dhanapal R, Palaniswami C, Mathew AC, Manojkumar C (2002) Effect of hybrid grass (CO3) in
soil and water conservation in Western Ghat Region. In: Proceedings of National symposium
on soil and water conservation measures and sustainable land use systems with special refer-
ence to the Western Ghat Region, held at ICAR Research Complex for Goa, pp 43-46

Dhanapal R, Maheswarappa HP, Subramanian P, Upadhyay AK (2003) Influence of drip irrigation
on growth and yield of COD x WCT coconut (Cocos nucifera L.) hybrid. CORD 19(2):32-38

Dhanapal R, Maheswarappa HP, Sairam CV, Subramanian P, Upadhyay AK (2004) Influence of
drip irrigation on growth and yield of coconut (Cocos nucifera L.) in laterite soil. J Plantn
Crops 32(3):26-30

Dhanapal R, Subramanian P, Mathew AC, Palaniswami C (2005) Drip fertigation to increase the
productivity of coconut. Indian Cocon J 31:17-19



302 G. V. Thomas et al.

Dhanapal R, Subramanian P, Bhat SR, Alka Gupta, Murali Gopal (2017) Production systems,
nutrient dynamics and organic farming. In: Chowdappa P, Niral V, Jerard BA, Samsudeen (eds)
Coconut. Divya Publishing House, New Delhi, pp 245-276

Dinesh R (2004) Long-term effects of leguminous cover crops on microbial indices and their
relationships in soils of a coconut plantation of a humid tropical region. J Plant Nutri Soil Sci
167(2):189-195

Dootson J, Rattanapruk M, Suwannawuth e W (1987) Coconut development in Thailand and its
stimulation by cocoa. Oleagineux 42(6):233-240

Dwiwarni I, Yuhono JT, Kemala S (1987) Multistoreyed cropping among coconut palms.
Pemberitaan Penelitian Tanaman Industri Indonesia 12(3—4):67-73

Eernstman T (1968) Chemical analysis of leaves and other organs of Theobroma cacao L. as a
means of diagnosing fertilizer requirements. Pub No. 54, PUDOC, Wageningen, p 55

Elain Apshara S (2010) Performance of elite cocoa clones intercropped in coconut. In: Thomas
GV, Krishnakumar V, Augustine Jerard B (eds) Improving productivity and profitability in
coconut farming. Central Plantation Crops Research Institute, Kasaragod, pp 183-187

Elain Apshara S (2013) Performance of selected cocoa (Theobroma cacao L.) clones under areca-
nut and coconut. J Plantn Crops 41(2):242-246

Ennin AS, Banful B, Andoh-Mensah E, Nuhu Issaka R, Nii Lamptey J, Aduen- ing-Manu J,
Bolfrey-Arku G, Dery SK (2009) Food crop intercropping alternatives for replanting coconut
farms destroyed by lethal yellowing disease. J Food Agric Environ 7(3&4):581-587

Eroy MN, Margate RZ, Magat SS, Santos GA (2001) Development of coconut leaf pruning tech-
niques in bearing palms to increase sunlight transmission and productivity of coconut-based
farming systems. Research Highlights 2000. Bureau of Agricultural Research, Department of
Agriculture, Diliman, Quezon City, Philippines, p 76

Fagon HIJ, Topper BF (1988) Agronomic research on cocoa in Jamaica; 1960-1980 and current
trends. Trop Agric (Trinidad) 65(4):291-294

Ferdinandez DEF (1978) Integration of animal production and other crops into the coconut crop-
ping systems in Sri Lanka. Ceylon Cocon Qtly 29:81-86

Fernando WMU, Bandaranayake CK (1996) Effect of planting density on the yield of coconut.
COCOS 11:32-39

Fernando WMU, Pieris TSG, Wickramaratne MRT (1993) Variation in seedling characters of three
different coconut cultivars and their use in identification in the nursery. COCOS 9:23-29

Ferreira Neto M, Gheyi HR, Holanda JS, Medeiros JF, Fernandes PD (2002) Qualidade do fruto
verde de coqueiro em funcio da irrigagdo com agua salina. (Quality of green coconut fruits in
relation to salinity of irrigation water). Revista Brasileira de Engenharia Agricola e Ambiental
6:69-75

Foale MA (1968a) The growth of the young coconut palm (Cocos nucifera).1l. The influence of nut
size on seedling growth in three cultivars. Australian J Agric Res 19:927-937

Foale MA (1968b) The growth of the young coconut palm (Cocos nucifera).1. The role of the
seed and of photosynthesis in seedling growth up to 17 months of age. Australian J Agric Res
19(5):781-789

Foale MA (1968c¢) Seedling growth pattern. Australian J Agric Res 19(5):781-789

Fremond Y, Ziller R, Lamothe MN (1966) The coconut palm. International Potash Inst, Berne

Friend D (1990) The coconut industry, growing, harvesting and extraction. The Cocon Qtly
Supplement, Dec 1990, pp 1-33

FSSRI-PCA (1984) Coconut-based farming systems: status and prospects. Farming Systems and
Soils Research Institute-Philippine Coconut Authority

George S, Nair VR (1987) Effect of shade on growth, nodulation and yield of cowpea (Vigna
unguiculate L. Walp). Agric Res J Kerala 25(2):281-284

Ghai SK, Thomas GV (1989) Occurrence of Azospirillum spp. in coconut based farming systems.
Plant Soil 114:235-241

Ghosh DK, Bandopadhya A, Maji MK, Mahapatra S (2007a) Studies on the performance of
medicinal plants under coconut plantation in West Bengal. Indian Cocon J 38(8):15-18



7 Agro-management Practices for Sustainable Coconut Production 303

Ghosh PK, Sarma US, Ravindranath AD, Radhakrishnan S, Ghosh P (2007b) A novel method for
accelerating composting of Coir Pith. Energy Fuel 21:822-827

Girijadevi L, Gladis R, Joseph B (2013) Benefit cost ratio analysis of coconut based cropping
systems. J Plantn Crops 41(1):101-104

Godoy R, Bennett CPA (1991) The economics of monocropping and intercropping by smallhold-
ers: the case of coconuts in Indonesia. Hum Ecol 19(1):83-98

Gopalasundaram P, Nelliat EV (1979a) Intercropping in coconut. In: Nelliat EV, Bhat KS (eds)
Multiple cropping in coconut and arecanut gardens. CPCRI, Kasaragod, pp 6-23

Gopalasundaram P, Nelliat EV (1979b) Intercropping in coconut gardens. Cocon Bull 16:201-206

Gopalasundaram P, Thomas Varghese P, Hegde MR, Nair MGK, Das PK (1993) Experiences in
coconut based farming systems in India. In: Nair MK, Khan HH, Gopalasundaram P, Rao
EVVB (eds) Advances in coconut research and development, Oxford and IBH Publishing, New
Delhi, pp 383-393

Gunathilake HAJ (1985) Weed control in coconut lands. Planter 61:531-537

Gunathilake HAJ (2011) Fertilizer trees for enhancing coconut land productivity. In: Pushpakumara
DKNG, Gunasena HPM, Gunathilake HAJ, Singh VP (eds) Increasing coconut land produc-
tivity through agroforestry interventions. Proceedings of a symposium held at the Coconut
Research Institute of Sri Lanka, pp 28—44

Hanumanthappa M, Khan HH, Mohankumar B (2000) Production of coconut geppe seedlings in
Karnataka. Indian Cocon J 31(8):9-10

Harikumar VS, Thomas GV (1991) Effect of fertilizer and irrigation on vesicular arbuscular
mycorrhizal association in coconut. Philippine J Cocon Stud 16(2):20-24

Harries HC (1983) A ten point coconut nursery programme to avoid germination problems. Planter
59:207-241

Hegde MR, Yusuf M (1993) Performance of soybean varieties as intercrop in coconut garden.
J Plantn Crops (Suppl) 21:29-31

Hegde MR, Gopalasundaram P, Yusuf M (1990) Intercropping in coconut garden. Technical bul-
letin no. 23, Central Plantation Crops Research Institute, Kasaragod, India, p 7

Hegde MR, Yusuf M, Gopalasundaram P (1993) Intercropping of vegetables in coconut garden.
In: Advances in coconut research and development. Oxford and IBH Publishing, New Delhi,
pp 407-412

Ho DT, Loh HP, Chan E (1978) Germination, nursery practices and field planting techniques for
the MAWA hybrid coconut. In: Proceedings of the International conference on cocoa and coco-
nuts, Kuala Lumpur, June 21-24

TAEA (1975) Root activity patterns of some tree crops. Technical report series no. 170. International
Atomic Energy Agency, Vienna, p 154

Tlangamudali IMPS, Senarathne SHS (2016) Effectiveness of Arbuscular Mycorrhizal Fungi based
biofertilizer on early growth of coconut seedlings. COCOS 22:1-12

Ilangamudali IMPS, Senarathne SHS, Egodawatta WCP (2014) Evaluation of coconut based
Gliricidia sepium agroforestry systems to improve the soil properties of intermediate and dry
zone coconut growing areas. Glob Adv Res J Agric Sci 3(2):67-76

Iniguez LC, Sanchez MD (1991) Integrated tree cropping and small ruminant production sys-
tems. In: Proceedings of a workshop on research methodologies in Medan, North Sumatra,
Indonesia, September 9-14, 1990, p 329

Iremiren GO (1986) Response of coconut nursery seedlings to some cultural treatments in Nigeria.
In: Pushparajah E, Chew PS (eds) Cocoa and coconuts. Incorporated Society of Planters, Kaula
Lumpur, pp 861-868

Jacob VI, Alles WS (1987) Kandyan Garden of Sri Lanka. Agrofor Syst 5:123-137

Jacob Mathew, Mohamed Shaffee (1979) Mixed farming in coconut garden. In: Nelliat EV, Shama
Bhat K (eds) Multiple cropping in coconut and arecanut gardens, Tech Bull No 3. CPCRI,
Kasaragod, pp 42-46

Jaganathan D, Thamban C, Jose CT, Jayasekhar S, Anithakumari P (2013) Analysis of organic
farming practices in coconut in South India. J Plantn Crops 41(1):71-79



304 G. V. Thomas et al.

Jamaluddeen K, Jacob V] (1983) Studies on canopy architecture in a multi-species cropping sys-
tem. J Plantn Crops 11(1):39-46

Jayachandran BK, Meerabai M, Abdulsalam M, Mammen MK, Kunjamma M (1991) Performance
of ginger under shade and open conditions. Indian Cocoa Arecanut Spices J 15(2):40-41

Jayachandran BK, Ancy J, Babu P, Nizam SA, Mridula KR (1998) Under the coconut tree: in
India, ginger has it made in the shade. Agrofor Today 10(3):16—-17

Jayakumar M, Saseendran SA, Hemaprabha M (1988) Crop coefficient for coconut (Cocos nucfera
L.): a lysimetric study. Agric For Meteorol 43(3-4):235-240

Jayakumar M, Janapriya S, Surendran U (2017) Effect of drip fertigation and polythene mulching
on growth and productivity of coconut (Cocos nucifera L.), water, nutrient use efficiency and
economic benefits. Agric Water Manage 182(1):87-93

Jayaraman S, Subramanian S (1994) Lodging of soybean genotypes in understorey of coconut
plantations. Madras Agric J 81:369-370

Jenkin RN, Foale MA (1968) Land resource study. An investigation of the coconut growing
potential of the Christmas Island, vol. 1. The environment and the plantation. Land Resources
Division. Directorate of Overseas Survey, p 12

Job E, Asan RB, Ramasubramonian PR (1993) Economic analysis of coconut-based cropping
system in Kerala. Indian Cocon J 24(4):2—4

John CM (1952) Coconut cultivation. Indian Central Coconut Committee, Ernakulam

John J (2014) Homestead farming in Kerala: a multi-faceted land-use system. Rev Agrarian Stud
4(1):80-94

John J, Nair MA (1998) An integrated coconut based mixed farming homestead model for southern
Kerala. Indian Cocon J 29(8):4-7

John J, Nair MA (1999) Light — a limiting factor in coconut based homegardens. Indian Cocon
J30(8):1-3

John J, Joy M, Geetha V, Sheeba U (2010) A holistic systems approach to identify sustainable
perennial crop based systems — a case study. In: Thomas GV, Krishnakumar V, Augustine
Jerard B (eds) Improving productivity and profitability in coconut. Proceedings of International
conference on coconut biodiversity for prosperity. CPCRI, Kasaragod, pp 215-229

Jose D, Shanmugharatnam N (1994) Micro farms and house hold economy of rural Kerala: an
empirical analysis with special reference to the homegarden farming system. In: Proceedings
of the International Congress on Kerala studies, pp 86—88

Jose Mathew, Pillai GR, Santhakumari G, Varughese K (1996) Irrigation management on yield
stabilization and annual productivity of coconut. J Trop Agric 34(1):33-35

Joseph PA (1992) Intercropping groundnut in coconut garden. Indian Cocon J 23:2-3

Joshi OP, Gopalasundaram P, Yusuf M (1988) Moisture depletion patterns in coconut planta-
tion under rained and irrigated condition. In: Agrometeorology of plantation crops. Kerala
Agricultural University, Thrissur, pp 22-26

Jothimani S (1994) Organic farming in coconut. Indian Cocon J 25:48-49

Kailash Rao T, Srirama Rao T (1968) Influence of the month of seednut maturity on germination
and vigour of coconut seedlings. Andhra Agric J 15:18-20

Kalavathi S, Krishnakumar V, Thomas RJ, Thomas GV, George ML (2010a) Improving food and
nutritional security of small and marginal coconut growers through diversification of crops and
enterprises. J Agric Rural Dev Trop Subtrop 111(2):101-110

Kalavathi S, Krishnakumar V, Thomas RJ, Thomas GV, George ML (2010b) Diversification of
livelihood for the marginal coconut farmers: a replicable model. Agric Ext Rev 22(4):10-16

Kamalakshy Amma PG, Menon KS, Patil PB, Sadanandan AK (1982) Effect of mixed cropping
with cacao in coconut root (wilt) affected garden. Indian Cocon J 13(4):14-17

Kannan K, Nambiar KPP (1976) Studies on intercropping coconut garden with annual crops.
Cocon Bull 5(9):1-3

Kannan K, Nambiar PKN, Nambiar KPP (1977) Studies on spacing in coconut. Indian Cocon
J18(2):1-2



7 Agro-management Practices for Sustainable Coconut Production 305

Kapadiyal PK, Koradiya UA, Sarvaiya RB, Gandhi AP, Bhambhaniya LB, Lad AN, Raman S
(1998) Drip irrigation for coconut in south Saurashtra. In: Mathew NM, Kuruvilla Jacob C
(eds) PLACROSYM XII, Plantation crops: developments in plantation crops research. Allied
Publishers, New Delhi, pp 157-159

Karmawati E, Mahmud Z, Syakir M, Munarso SJ, Ardana IK, Rubiyo (2010) Cocoa cultivation
and post harvest processing. Center for Plantation Research and Development, The Ministry
of Agriculture, Indonesia

KAU (1979) Kerala Agricultural University, Research Report for 1977-78. Vellanikkara, Thrissur,
India, pp 90-98

Kavitha MS (2009) Soil microbial diversity and biological processes in high density multispecies
cropping systems of coconut. PhD thesis. Mangalore University, Karnataka, India, p 174

Keller J, Sivanappan RK, Varadan KM (1992) Design logic for deficit drip irrigation of coconut
trees. Irrig Drain Syst 6(1):1-7

Kenman ET (1973) Effect of seed nut trimming on the germination and growth of coconuts. Papua
New Guinea Agric J 24(1):269

Khadeejath Rajeela TH, Murali Gopal, Alka Gupta, Thomas GV (2016) Cross- compatibility eval-
uation of plant growth promoting rhizobacteria of coconut and cocoa on yield and rhizosphere
properties of vegetable crops. Biocatal Agric Biotechnol 9:67-73

Khan HH, Sankaranarayanan MP, Narayana KB (1979) Characteristics of coconut belts of
India. 1. Morphology, some physico-chemical characteristics and taxonomy. In: Nelliat EV,
Ranganathan V, Vishveshwara S, Potti SN, Krishna Murthy Rao W, Zachariah PK (eds)
Proceedings of PLACROSYM-1. Indian Society for Plantation Crops, Kasaragod, pp 54-79

Khan HH, Biddappa CC, Nagarajan M, Thomas CV, Cecil SR (1992) Residual effect of long
term phosphorus application on soil and plant nutrient contents, mycorrhizal association and
yield of coconut. In: Nambiar KKN, Iyer RD, Rao EVVB, Krishnamurthy Rao W, Premkumar
T, Hegde MR (eds) Proceedings of PLACROSYM-IX. Indian Society for Plantation Crops,
Kasaragod, pp 14-18

Khandekar RG, Nagwekar DD, Sawant VS, Malshe KV, Haldankar PM (2016) Increase in produc-
tivity by fertigation technique in coconut. J Indian Soc Coastal Agric Res 34(1):88-91

Khandeker RG, Nagwekar DD, Sawant VS, Gurav SS, Haldankar PM (2014) Performance of
Morinda citrofolia as mixed crop in coconut under Konkan Region of Maharashtra. Int J Res
Emerg Sci Technol 1(4):63-66

Korikanthimath VS, Hiremath GM, Hosmani MM (2000a) Requirement of labour in the mixed
cropping system of coconut and cardamom and its relationship with productivity levels. Crop
Res Hisar 20(3):520-524

Korikanthimath VS, Hegde R, Mulge R, Hosmani MM (2000b) Coconut based cardamom multi-
storeyed cropping system compatibility and yield pattern. Crop Res Hisar 20(2):343-349

Krishnakumar V (2010) Restructuring coconut based homestead farms for sustained productivity.
Indian Cocon J 53(8):15-19

Krishnakumar V, Maheswarappa HP (2010) Integrated nutrient management for root (wilt) dis-
eased coconut (Cocos nucifera) palms. Indian J Agric Sci 80(5):394-398

Krishnakumar V, Reddy DVS (2007) Homestead farms in Northern Kerala — their basic character-
istics and socio-economic status. J Plantn Crops 35(2):106-110

Krishnakumar V, Reddy DVS, Thamban C, Sairam CV (2007) Restructuring of homestead farms
for sustainable income and employment opportunities. J Plantn Crops 35(3):146-151

Krishnakumar V, Rageena S, John J, Geetha K, Reddy DVS (2010) An assessment of species struc-
ture and crop diversity in the homestead farms of Kerala, India. In: Thomas GV, Krishnakumar
V, Augustine Jerard B (eds) Improving productivity and profitability in coconut. Proceedings
of International conference on coconut biodiversity for prosperity. CPCRI, Kasaragod, India,
pp 211-214

Krishnakumar V, Maheswarappa HP, Jayasekhar S, Shanavas M (2011) Economic evaluation of
high density multispecies cropping system in rsoot (wilt) disease affected coconut (Cocos
nucifera) area in Kerala. J Plantn Crops 39(1):125-130



306 G. V. Thomas et al.

Krishnakumar V, Dhanapal R, Thomas GV (2013) Integrated nutrient management for elephant
foot Yam intercropped in coconut gardens. J Root Crops 39(2):263-264

Krishnankutty J, Krishnapriya N, Shaiby KR (2013) Plant diversity and area trends in the coconut
based homesteads of Kerala. Acta Biol Indica 2(2):461-466

Kulandaivelu R (1990) Crop water requirement for coconut through drip system. In: Proceedings
of International congress on the use of plastics in agriculture, New Delhi, India, 26th February-
2nd March 1990, pp 181-183

Lalitha Bai EK, Prasanna Kumari KT, Viswanathan TV, Rekha K (1996) Performance of pachouli
in coconut gardens. South Indian Hortic 43(5-6):154-155

Lamanda N, Dauzat J, Jourdan C, Martin P, Malézieux E (2008) Using 3D architectural models
to assess light availability and root bulkiness in coconut agroforestry systems. Agrofor Syst
72:63-74

Leela K, Bhaskaran UP (1978) Effect of intercropping coconut stands with groundnut on soil
fertility and plantation management. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti SN,
Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian Society
for Plantation Crops, Kasaragod, pp 393-398

Lekadou TT, Issali AE, Konan KJL, Yao SDM, Allou K, Zakra AN, Yoro GR (2012) Effect of
population density and spatial arrangement of Acacia auriculiformis trees on vegetative char-
acters and mineral nutrition of coconut palm (Cocos nucifera L.) upon quaternary sands. Int
J Emerg Technol Adv Engg 2(12):18-27

Leuschner WA, Khalique K (1987) Homestead agroforestry in Bangladesh. Agrofor Syst
5(2):139-151

Liyanage DV (1952) Report of the acting Botanist, annual report of the coconut research scheme
for 1950. Ceylon Govt Sessional Paper 14:22-30

Liyanage DV (1955) Planting material for coconuts. Paper presented at the coconut conference,
29th August 1955, Bandirippuwa Estate, Lunuwila Coconut Research Institute, Ceylon

Liyanage LVK (1985) Rationale for intercropping in coconut lands. Cocon Bull 2(2):31-35

Liyanage MS (1988) Use of coir dust for moisture conservation. Cocon Bull 5(1):18-19

Liyanage MS (1994) Gliricidia intercropping enhances productivity of coconut lands. Cocon Bull
9:23-24

Liyanage DV, Abeyawardena V (1957) Correlations between seed nut, seedling and adult palm
characters in coconut. Trop Agric 113:325-340

Liyanage MdeS, Dassanayake KB (1993) Experiences in coconut based farming systems in Sri
Lanka. In: Nair MK et al (eds) Advances in coconut research and development. Proceedings of
International symposium, Oxford & IBH Publishing, New Delhi, pp 357-367

Liyanage MdeS, Gunathilake HAJ (1998) Agronomy and farming systems research in coco-
nut: Sri Lankan experience. In: Topper CP, Caligari PDS, Kullaya AK, Shomari SH, Kasuga
LJ, Masawe PAL, Mpunami AA (eds) Proceedings of the International cashew and coconut
conference: trees for life — the key to development. Dar es Salaam, Tanzania. Bio Hybrids
International Ltd, Reading, pp 411-417

Liyanage MS, Martin MPLD (1987) Soybean-coconut intercropping. J Cocon Res Inst Sri Lanka
5:28-31

Liyanage LVK, Mathes DT (1989) Effect of irrigation on establishment and early growth of coco-
nut (Var. CRIC 60) in the dry zone of Sri Lanka. COCOS 7:1-13

Liyanage MS, Tejwani KG, Nair PKR (1984) Intercropping under coconuts in Sri Lanka. Agrofor
Syst 2(3):215-228

Liyanage MS, Jayasundara HPS, Gunasekera TGLG (1993a) Leucaena as a multipurpose tree for
coconut plantations in Sri Lanka. J Trop For Sci 6(9):1-97

Liyanage MS, Jayasekara KS, Fernandopulle MN (1993b) Effects of application of coconut husk
and coir dust on the yield of coconut. COCOS 9:15-22

Liyanage MS, Jayasundara HPS, Fernando DNS, Fernando WSMA (1993c¢) Integration of legume-
based pasture and cattle into coconut farming systems in Sri Lanka. J Asian Fmg Syst Assoc
1:579-588



7 Agro-management Practices for Sustainable Coconut Production 307

Liyanage LRMC, Purusothaman Y, Panditharathna DP, Tennakoon NA (2008) Evaluation of
girdle sprinkler irrigation system for coconut in intermediate and dry zone of Sri Lanka. In:
Proceedings of the second symposium on plantation crop research, Sri Lanka. October 1617,
2008, pp 357-367

Loomis RS, Williams WS (1973) Maximum crop productivity-an estimate. Crop Sci 3:67-72

Louis IH, Chandrasekaran NR, Venkateswaran AN, Vijayan KP (1980) Note on the effect of sum-
mer irrigation on the dwarf varieties of coconut palm. Indian Cocon J 11(7):5-6

Louis IH, Krishnaswamy V, Venkateswaran AN, Vijayam KP (1981) Effect of spacing and manur-
ing in coconut palms of the east coast of Tamil Nadu. Indian Cocon J 12(1):1-5

Lourduraj CA, Geethalakshmi V, Rajamanickam K, Kennedy FIS (1992) Soybean- a suitable
intercrop in coconut gardens. Indian Cocon J 22(11):8-9

Madurapperuma WS, Bleby TM, Burgess SSO (2009a) Evaluation of sap flow methods to deter-
mine water use by cultivated palms. Environ Exp Bot 66:372-390

Madurapperuma WS, de Costa WAJM, Sangakkara UR, Jayescara C (2009b) Estimation of water
use of mature coconut (Cocos nucifera L.) cultivars (CRIC 60 and CRIC 65) grown in the
low country intermediate zone using the compensation heat pulse method (CHPM). J Natl Sci
Found Sri Lanka 37(3):175-186

Magat SS (1990) Growing conditions and growth habits of coconut in relation to coconut-based
farming systems. In: Silva de S (ed) Coconut based farming systems, XXVII COCOTECH
meeting, Manila, Philippines, pp 17-40

Magat SS (1993) Coconut production and productivity in the Philippines: realities and opportuni-
ties in the early 90s. BUROTROP bulletin no. 6 of December 1993, pp 11-12

Magat SS (1999) Coconut-based farming system: technology notes for practitioners. PCA-ARDB,
Diliman, Quezon City, Metro Manila, p 97

Magat SS (2004a) Growing of Intercrops in coconut lands to generate more food and agricultural
products, jobs and enhancing farm income. Coconut Intercropping Primer. Published by PCA-
Diliman, Quezon City, Dec 2004, p 7

Magat SS (2004b) Coconut-fruit crop (Banana) cropping model. Coconut intercropping guide no.
2. Department of Agriculture, Philippine Coconut Authority pp 1-10

Magat SS, Prudente RL (1974) Coconut nutrition study from polybag nursery to full-bearing. Ann
Rep 1974-1975. Agricultural Research Department, Philippine Coconut Authority

Magat SS, Secretaria MI (2007) Coconut-Cacao cropping model. Coconut inter cropping guide no.
7. Department of Agriculture. Philippine Coconut Authority, pp 1-12

Magat SS, Margate RZ, Prudente RL (1977) Utilization of common salt (sodium chloride) as a
fertilizer and for the control of leaf spot disease of coconut seedlings. Philippine J Cocon Stud
2(3):39-45

Magat SS, Canja LH, Margate RZ (1994) Response of coconut to increasing levels of leaf pruning
and its implications on farm productivity. Cocon Res Dev J 10(2):16-32

Magat SS, Canja LH, Secretaria MI, Margate RZ (2002) Long-term response to coconut leaf prun-
ing (CLP) of selected coconut — annual intercrops cropping systems. Philippine J Cocon Stud
27(1-2):17-28

Maheshwarappa HP, Hegde MR, Dhanapal R, Sairam CV, Vidhan Singh T (2001) Impact of
integrated mixed farming system on coconut yield and economic analysis. Indian J Agro
46(1):56-63

Maheswarappa HP (2008) In-situ waste management in integrated nutrient management system
under coconut (Cocos nucifera) based high density multi-species cropping system in tropical
soils of India. Indian J Agric Sci 78(11):924-928

Maheswarappa HP, Anithakumari P (2002) Nutmeg — a suitable mixed crop for coconut garden.
Indian J Arecanut Spices Med Plants 4(2):82-83

Maheswarappa HP, Hegde MR (1995) Cultivation of fodder crops in coconut garden. Kisan World
22(5):22-23

Maheswarappa HP, Nanjappa HV (2000) Dry matter production and accumulation in arrow root
(Maranta arundinacea L.) when intercropped with coconut. Trop Agric 77:76-82



308 G. V. Thomas et al.

Maheswarappa HP, Hegde MR, Dhanapal R, Biddappa CC (1998a) Mixed farming in coconut gar-
dens; its impact on soil, physical and chemical properties, coconut nutrition and yield. J Plantn
Crops 26:139-143

Maheswarappa HP, Subramanian P, Dhanapal R, Gopalasundaram P, Hegde MR (1998b) Influence
of irrigation and mulching on soil moisture and soil temperature under coconut in littoral sandy
soil. J Plantn Crops 26(1):93-97

Maheswarappa HP, Sairam CV, Dhanapal R, Vidhan Singh T, Hegde MR (2000) Economics of
coconut based farming system. CORD 2:37-49

Maheswarappa HP, Anithakumari P, Sairam CV (2003) High density multispecies cropping sys-
tem for root (wilt) affected coconut gardens-its impact on productivity and economic viability.
J Plantn Crops 31(1):23-27

Maheswarappa HP, Anithakumari P, Kamalakshi Amma PG, Shanavas M (2005) Influence of inte-
grated nutrient management and high density multispecies cropping system on soil properties,
plant nutrition and yield in root (wilt) affected coconut palms. CORD 21(2):18-29

Maheswarappa HP, Srinivasa Reddy DV, Krishnakumar V, Subramanian P, Dhanapal R (2008)
Organic cultivation of medicinal plants as inter/mixed crops in coconut gardens. In: National
conference on organic farming in horticultural crops with special reference to plantation crops,
programme and abstracts. 15-18 October, 2008, CPCRI, Kasaragod, p 65

Maheswarappa HP, Krishnakumar V, Srinivasa Reddy DV, Dhanapal R, John Zachariah T (2012)
Performance of different varieties/hybrids of black pepper (Piper nigrum L.) as mixed crop in
coconut garden. J Plantn Crops 40(2):82-87

Maheswarappa HP, Dhanapal R, Subramanian P, Palaniswami C (2013) Evaluation of coconut
based high density multi-species cropping system under organic and integrated nutrient man-
agement. J Plantn Crops 41(2):130-135

Maheswarappa HP, Krishnakumar V, Alka Gupta, Geetha Kumari A (2016) Influence of organic
sources of nutrients on vanilla (Vanilla planifolia) as an intercrop in coconut garden. J Plantn
Crops 44(2):85-89

Manjunath BL, Balbatti MS, Dhandar DG (1998) Intercropping in coconut for higher mon-
etary returns. Developments in plantation crops research. In: Proceedings of PLACROSYM
XII. Indian Society for Plantation Crops, Kasaragod, India, pp 199-202

Manjunath BL, Ramesh R, Korikanthimath VS (2010) Feasibility of ramie intercropping in coco-
nut. J Plantn Crops 38(3):207-210

Manthriratna MA, Abeywardena V (1979) Planting densities and planting systems for coconut,
Cocos nucifera L. 2. Study of yield characters and the economics of planting at different densi-
ties. Ceylon Cocon Qtly 30:107-115

Mantiquilla J, Gabunada F Jr, Buac R, Laguardia R, Magat S, Margate R (2000) Forages for grow-
ing under coconuts in Mindanao, the Philippines. Working with farmers: the key to adoption
of forage technologies. In: Stiir WW, Horne PM, Hacker JB, Kerridge PC (eds) Procedings
of International workshop held in Cagayan de Oro City, Mindanao, Philippines, pp 152-157

Marar KMM, Padmanabhan V (1970) Studies on the effect of cutting leaves on the yield of coco-
nut palms. Cocon Bull 1:7-11

Maravilla JN (1986) Nutrition and fertilization of coconut seedlings in polybags. Philippine
J Cocon Stud 11(1):44-56

Maravilla JN, Prudente RL, Magat SS (1978) Fertilizer requirement of coconut seedlings grown on
three major coconut soils of Davao. In: Proceedings of 9th annual meeting of the Crop Science
Society of the Philippines, May 11-13, 1978

Margate RZ, Magat SS (1983) Coconut based multi-storey cropping. Philippine J Crop Sci
8(2):81-86

Margate RZ, Maravilla JN, Ebunar RM, Eroy MN (1993) Response of coconut and coffee to
fertilizers applied on either or both crops in an intercropping system. Philippine J Cocon Stud
18:1-6

Marimuthu R, Natarajan C (2005) Sand curing is essential for obtaining more recovery of quality
seedlings in coconut. Indian Cocon J 35(12):10-11



7 Agro-management Practices for Sustainable Coconut Production 309

Mathai G (1979) Effect of cultural practices on the yield of coconut palm. Indian Cocon J 10(5):1-2

Mathes DT (1986) Economics of intercropping coffee, cacao and pepper under coconut. Cocon
Bull 3(1):9-11

Mathew C, Ramadasan A (1964) Effect of N, P, K and nutrients on the growth of coconut seed-
lings. Indian Cocon J 17(4):114-117

Mathew J, Pillai GR, Santhakumari G, Varghese K, Varghese K (1993a) Influence of supplemental
irrigation on the productivity and water use of adult coconut palms. J Plantn Crops 21(2):81-87

Mathew PA, Nagabhushanam S, Dhandar DG (1993b) Multicropping trials in coconut in Goa.
In: Nair MK et al (eds) Advances in coconut research and development. Oxford and IBH
Publishing, New Delhi, pp 437-439

Menon KS, Nayar TVR (1978) Effect of intercropping of tuber crops in root wilt affected coco-
nut gardens. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti SN, Krishna Murthy Rao
W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian Society for Plantation Crops,
Kasaragod, pp 416424

Menon KPV, Pandalai KM (1960) The coconut palm- a monograph. Indian Central Coconut
Committee, Ernakulam, p 384

Mensah AE, Ofosu-Budu GK (2012) Evaluation of coconut-citrus intercropping systems in the
context of lethal yellowing disease of coconut in Ghana. African J Food Agric Nutri Dev
12(7):6945-6962

Merilyn VI, Thomas GV (1992) Distribution of nitrogen fixing Beijerinckia in the rhizosphere of
coconut. J Plantn Crops 20(1):149-155

Mialet-Serra I (1998) Preliminary study of aerial development in Theobroma cacao L. in a mono-
culture and intercropped with coconut. In: STD3-TS3-CT92-0132, CP no. 944/98, appendix 8,
CIRAD, Montpellier, France, p 95

Mialet-Serra I, Bonneau X, Mouchet S, Kitu WT (2001a) Growth and yield of coconut-cacao
intercrops. Exp Agric 37:195-210

Mialet-Serra I, Dauzat J, Auclair D (2001b) Using plant architectural models for estimation of
radiation transfer in a coconut-based agroforestry system. Agrofor Syst 53:141-149

Michon MG, Mary F, Bompard J (1986) Multistoreyed agroforestry system in West Sumatra,
Indonesia. Agrofor Syst 4(4):315-338

Miguel FN, de Holanda JS, Dias N d S, Gheyi HR, Folegatti MV (2011) Growth and yield of Ando
Verde coconut under fertigation with nitrogen and potassium. Revista Brasileira de Engenharia
Agricola e Ambiental 15(7):657-664

Miranda FR, de Oliveira VH, de Montenegro AAT, de Miranda FR, de-Oliveira V (1999)
Development and precocity of dwarf coconut palms (Cocos nucifera L.) production under dif-
ferent irrigation frequencies. Agrotropica 11(2):71-76

Miranda FR, de Gomes ARM, Oliveira CHC, de Montenegro AAT, Bezerra FML (2007)
Evapotranspiration and crop coefficients for green-dwarf coconut in the coastal area of Ceara
State, Brazil. Rev Cienc Agron 38:129-135

Mohandas S (2011) Prospects of intercropping medicinal and aromatic plants in coconut garden.
Madras Agric J 98(1-3):82-83

Moog FA, Faylon FS (1991) Integrated forage-livestock systems under coconuts in the Philippines.
In: Shelton HM, Stur WW (eds) Forages for plantation crops. Proceedings of a workshop,
Sanur Beach, Bali, Indonesia, ACIAR proceedings no. 32, pp 144-146

Muliyar MK, Pillai RV (1989) Nursery manual for coconut. Pamphlet No. 6. CPCRI, Kasaragod

Murali Gopal, Alka Gupta, Thomas GV (2006) Prospects of using Metarhizium anisopliae to
check the breeding of insect pest Oryctes rhinoceros in coconut leaf vermicomposting sites.
Bioresour Technol 97:1801-1806

Murali Gopal, Alka Gupta, Sunil E, Thomas GV (2009) Amplification of plant beneficial microbial
communities during conversion of coconut leaf substrate to vermicompost by Eudrilus sp. Curr
Microbiol 59:15-20



310 G. V. Thomas et al.

Murali Gopal, Alka Gupta, Palaniswami C, Dhanapal R, Thomas GV (2010) Coconut leaf vermi-
wash: a bio-liquid from coconut leaf vermicompost for improving the crop production capaci-
ties of soil. Curr Sci 98:1202-1210

Murali Gopal, Alka Gupta, Thomas GV (2012) Vermicompost and vermiwash add beneficial micro
flora that enhance soil quality and sustain crop growth. Int J Innov Hortic 1(2):93-100

Mwinjaka SR, Hocck C, Ngereza A (1994) A socio-economic survey in the priority areas of NCDP,
National Coconut Development Programme, Dar es Salam, Tanzania

Mwinjaka S, Chiduza C, Temu AE, Sukume C, Diehl L (1999) Coconut palm replacement model
for Tanzanian farming systems. J Agric Econ Dev 3:61-70

Nagarajan M, Sankaranarayanan MP, Nelliat EV (1975) A note on saline water irrigation to coco-
nut palm Cocos nucifera Linn. in sandy loam soil. Sci Cult 41:381-383

Nagarajan R, Manickam TS, Kothandaraman GV, Ramaswamy K, Palaniswamy G (1985)
Manurial value of coir pith. Madras Agric J 72:533-535

Nagwekar DD, Haldankar PM, Desai AG, Gunjate RT, Rajput JC (1997) Performance of rainfed
vegetables as intercrops in coconut plantations. J Plantn Crops 25(2):209-211

Nagwekar DD, Desai AG, Joshi GD, Magdum MB, Khan HH (2002) Performance of spice crops
as intercrops in coconut plantation under Konkan condition. In: Rethinam P, Khan HH, Reddy
VM, Mandal PK, Suresh K (eds) PLACROSYM XIV. Coconut Development Board, Kochi,
pp 333-335

Nagwekar DD, Desai VS, Sawant VS, Haldankar PM, Joshi GD, More TA (2006) Effect of drip irri-
gation on yield of coconut (Cocos nucifera L.) in sandy soil of Konkan region of Maharashtra
(India). J Plantn Crops 34:344-346

Nagwekar DD, Sawant VS, Haldankar PM, Jadhav BB, Arulraj S, Maheshwarappa HP (2013)
Performance of medicinal and aromatic plants as intercrops in coconut plantations in Konkan
region of Maharashtra. J Plantn Crops 41(3):384-388

Nainanayake A, Ranasinghe CS, Tennakoon NA (2008) Effects of drip irrigation on canopy
and soil temperature, leaf gas exchange, flowering and nut setting of mature coconut (Cocos
nucifera L.). J Nat Sci Found Sri Lanka 38:43-50

Nair MA, Sreedharan C (1986) Agroforestry farming systems in the homesteads of South Kerala,
South India. Agrofor Syst 4:339-363

Nair MGK, Hegde MR, Yusuf M, Das PK (1991) Mixed cropping. Tech Bull 24. CPCRI,
Kasaragod, p 8

Nair PKR (1976) Intensive cropping for stabilized income of enhanced rates from coconut planta-
tions. Financing Agri Oct-Dec 1976

Nair PKR (1977) Multispecies crop combinations with tree crops for increased productivity in the
tropics. Gartenbauwissenschqft 42:145-150

Nair PKR (1979) Intensive multiple cropping with coconuts in India: principles, programmes, and
prospects. Adv Agron Crop Sci 6. Verlag Paul Parey, West Berlin, p 147

Nair PKR, Balakrishnan TK (1976) Pattern of light interception by canopies in coconut + cocoa
crop combination. Indian J Agric Sci 46(10):453-462

Nair PKR, Bavappa KVA (1975) Tubers as intercrops in plantations. J Root Crop 1(1-2):93-94

Nair PKR, Varghese PT (1976) Crop diversification in coconut plantations. Indian Fmg
26(11):17-21

Nair PKR, Varma R, Nelliat EV (1974) Intercropping for enhanced profits from coconut planta-
tions. Indian Fmg 24(4):11-13

Nair PKR, Varma R, Nelliat EV, Bavappa KVA (1975) Beneficial effects of crop combinations of
coconut and cocoa. Indian J Agric Sci 45(3):165-171

Nair RR, Pillai AG, Rajagopan A (1988) Water management in coconut. In: Aravindakshan M,
Nair RR, Wahid PA (eds) Six decades of coconut research. Kerala Agricultural University,
Thrissur, p 151

Nair SK, Subba Rao NS (1977a) Microbiology of the root region of coconut and cocoa under
mixed cropping. Plant Soil 46:511-519

Nair SK, Subba Rao NS (1977b) Distribution and activity of phosphate solubilising microorgan-
isms in the rhizosphere of coconut and cacao under mixed cropping. J Plantn Crops 5:67-70



7 Agro-management Practices for Sustainable Coconut Production 311

Nambiar MC (1978) Multiple Cropping in littoral sand. In: Nelliat EV, Ranganathan V,
Vishveshwara S, Potti SN, Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of
PLACROSYM-1. Indian Society for Plantation Crops, Kasaragod, pp 444-445

Nampoothiri KUK, Mathew J, Sukumaran CK (1973) Variation in germination pattern of coconut
cultivars and hybrids. J Plantn Crops 1(Suppl):24-27

Nampoothiri KUK, Singh HP, Arulraj S, Thamban C (2000) Coconut cultivation technology.
Coconut Devt Board, Govt. of India, p 129

Naresh Kumar S, Kasturi Bai KV (2009) Photosynthetic characters in different shapes of coconut
canopy under irrigated and rainfed conditions. Indian J Plant Physiol 14:215-223

Nath JC, Deka KK (2010) Second generation coconut based high density multi species cropping
system in Assam. In: Thomas GV, Krishnakumar V, Jerard BA (eds) Improving productivity
and profitability in coconut farming. Central Plantation Crops Research Institute, Kasaragod,
pp 167-173

Nath JC, Saud BK, Chowdhury D, Deka KK, Sarma UJ (2008) Coconut based high density multi-
species cropping system in Assam. J Plantn Crops 36(2):98-102

Nath JC, Deka KK, Saud BK, Maheswarappa HP (2015) Intercropping of medicinal and aro-
matic crops in adult coconut garden under Brahmaputra valley region of Assam. J Plantn Crops
43(1):17-22

Nayar TVR, Sahasranaman KN (1978) Performance of four fodder crops in coconut garden under
rainfed and irrigated conditions. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti SN,
Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian Society
for Plantation Crops, Kasaragod, pp 425430

Nelliat EV (1968) Effect of frequency of irrigation on newly planted young coconut palms in
sandy soil. Indian J Agric Sci 38:737-746

Nelliat EV (1972) NPK nutrition of coconut palm-a review. J Plantn Crops 1(Suppl):70-80

Nelliat EV, Krishnaji N (1976) Intensive cropping in coconut gardens. Indian Fmg 27(9):9-12

Nelliat EV, Padmaja PK (1978) Irrigation requirement of coconut and response to levels of fer-
tilizer under irrigated condition during the early bearing stage. In: Nelliat EV, Ranganathan
V, Vishveshwara S, Potti SN, Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of
PLACROSYM-1. Indian Society for Plantation Crops, Kasaragod, pp 187-198

Nelliat EV, Bavappa KVA, Nair PKR (1974) Multi-storeyed cropping — a new dimension in mul-
tiple cropping for coconut plantations. World Crops 26(6):262-266

Nelliat EV, Nair PKR, Kushwaha BL (1976) Effect of month of harvest of seed nuts and fertilizer
application to nursery on vigour and quality of coconut seedlings. J Plantn Crops 4(1):16-20

Nelliat EV, Gopalasundaram P, Thomas Varghese P, Sivaraman K (1979) Mixed cropping in coco-
nut. In: Nelliat EV, Shama Bhat K (eds) Multiple cropping in coconut and arecanut gardens.
Tech Bull CPCRI, Kasaragod, Kerala, India, pp 28-34

Nihad K, Krishnakumar V (2015) Light use efficiency and flower quality of Heliconia stricta in
coconut based cropping system. Acta Hortic 1104:497-504

Nihad K, Jessykutty, Sivaprasad P (2010) Effective utilization of bioresources for yield improve-
ment in Plumbago rosea intercropped in coconut garden. In: Thomas GV, Krishnakumar V,
Jerard BA (eds) Improving productivity and profitability in coconut farming. Central Plantation
Crops Research Institute, Kasaragod, pp 207-210

Nihad K, Krishnakumar V, Sheela VL (2013) Heliconia stricta as intercrop in coconut-impact of
cropping system and nutrition on floral traits. J Plantn Crops 41(2):251-254

Nimal PAH (1989) Place of coconut in home gardens. Cocon Bull 6(1):16-19

Norton BW, Wilson JR, Shelton HM, Hill KD (1991) The effect of shade on forage quality. In:
Shelton HM, Stur WW (eds) Proceedings of workshop forages for plantation crops, Bali,
Indonesia, ACIAR proceedings no. 32, pp 83-88

Novarianto H, Warokka J (2006) Past, present and future coconut research in Indonesia. In: Adkins
SW, Foale M, Samosir YMS (eds) Coconut revival — new possibilities for the ‘tree of life’.
Proc. of the International Coconut Forum, held in Cairns, Australia, ACIAR proceedings no.
125



312 G. V. Thomas et al.

Oguis LG, Magat SS, Margate RZ (1979) The effect of chlorine sources and ammonium sulphate
on the growth of coconut seedlings. Philippine J Cocon Stud 4(3):25-39

Ohler JG (1992) Coconut-based farming systems with perennials. Modern coconut management;
palm cultivation and products. EcoPort version by Peter Griffee. FAO, Rome

Ohler JG (1999) Climate and soils. In: Modern coconut management. Intermediate Technology
Publications, FAO, Universiteit Leiden, pp 35-46

Ollivier J, Akus W, Ollivier LB, Bonneau X, Kakul T (2001) Replanting/underplanting strategy for
old coconut plantations in Papua New Guinea. Oléagineux 8(6):659-665

Ontolan DG (1988) Status report on intercropping and intergrazing in the Philippines. In:
Proceedings of workshop on intercropping and intergrazing in coconut areas, 7—11 Sept. 1988,
Colombo, Sri Lanka

Opio FA (1987) Intercropping/Intergrazing possibilities in the South Pacific. A paper presented at
the 6th annual conference on coconut research and development in the South Pacific, 14-18
June, 1987. Honiara, Solomon Islands

Opio FA (1990) The need for coconut based systems. In: Silva de S (ed) Coconut based farming
systems. Proceedings of the XXVII COCOTECH meeting, Manila, Philippines, pp 1-15

Osei-Bonsu K, Opoku-Ameyaw K, Amoah FM, Oppong FK (2002) Cacao-coconut intercropping
in Ghana: agronomic and economic perspectives. Agrofor Syst 55:1-8

Ovasuru T (1988) Intercropping and intergrazing in Papua New Guinea. In: Proceedings of work-
shop on intercropping and intergrazing in coconut areas, 7—11 September, 1988, Colombo, Sri
Lanka

Padrones GD, Secretaria MI, Magat SS (2000) Leaf pruning technique in bearing coconut palms:
its effects on underplanting young coconuts for pit or ubod production. Philippine J Cocon
Stud 25(1-2):1-11

Palaniswami C, George V Thomas, Dhanapal R, Subramanian P, Maheswarappa HP, Upadhyay
AK (2007) Integrated nutrient management in coconut based cropping system. Tech bull no.49.
ICAR-Central Plantation Crops Research Institute, Kasaragod, India, p 24

Pandey CB, Begum M (2010) The effect of a perennial cover crop on net soil N mineralization
and microbial biomass carbon in coconut plantations in the humid tropics. Soil Use Manage
26(2):158-166

Pandey CB, Begum M, Singh SK, Saha D (2014) Coconut-based home gardens: mechanisms
of complementarity in sharing of growth resources among home garden trees in the South
Andaman Islands of India. Trop Ecol 55(3):339-348

Patel JS (1938) The coconut-a monograph. Govt Press, Madras, p 313

Patil JL, Haldankar PM, Jamdagni BM, Salvi MJ (1991) Influence of inter planting with tree spices
on yield of coconut. Indian Cocon J 22(1):15-18

Patil JL, Haldankar PM, Jamadagni BM, Salvi MI (1992) Intercropping of vegetables in coconut.
J Plantn Crops 20(2):167-169

Patil JL, Haldankar PM, Rangwala AD, Jamadagni BM (1998) Effect of different irrigation
with sea water on survival and growth of coconut. (Cocos nucifera L.). South Indian Hortic
46(3-6):361-363

Paull J (2010) From France to the world: the Inteternational Federation of Organic Agriculture
Movement (IFOAM). J Soc Res Policy 1(2):93-102

Peiris WBK, Fernando MTN, Hitinayake HMGSB, Dassanayake CKB, Gunathilake HAJ,
Subasinghe SDJN (2003) Economic feasibility and biological productivity of coconut-based
agroforestry models in Sri Lanka. COCOS 15:38-52

Perera L, Fernando WMU (2002) Decision making in replanting of coconut. COCOS 12(1-2):1-3

Perera L, Peries RRA, Jayatileke R (1996) Improvement of seedling quality in polybags through
manipulation of potting media. COCOS 11:69-78

Peries RRA (1984) Some observations on the pre-nursery system for raising coconut seedlings.
COCOS 2:10-17

Peries RRA (1995) A comparison of two coconut cultivars for high productivity under irrigation.
COCOS 10:1-9



7 Agro-management Practices for Sustainable Coconut Production 313

Peries RRA, Everard JMDT (1991) River sand as an alternative to top soil for raising coconut
seedlings in polybags. COCOS 9:40-46

Peries RRA, Everard JIMDT (1995) Is there ecological adaptation in coconut nursery seedling
stage? A preliminary investigation. COCOS 10:10-19

Persley GJ (1992) Replanting the tree of life. Towards an international agenda for coconut palm
research. CAB, Oxford, p 156

Pillai RV (1994) Coconut seed production. In: Chadha KL, Rethinam P (eds) Advances in hor-
ticulture- plantation and spice crops. Part 1, vol 10. Malhotra Publishing House, New Delhi,
pp 655-670

Pomier M, Brunin C (1974) Irrigation des cocotiers a I’eau salée. Oléagineux 29(4):183-186

Pordesimo LO, Noble DH (1989) Evaluation of alternative replanting strategies for small coconut
farms in the Philippines using a simulation model. Agric Syst 32(1):27-39

Potty VP, Jayasankar NP (1976) Influence of crop mixing of hybrid Napier on the root zone
microflora of the coconut palm. In: Nayar NM (ed) Coconut research and development. Wiley
Eastern, New Delhi, pp 300-303

Potty VP, George M, Jayasankar NP (1977) Effect of crop mixing on coconut rhizosphere. Indian
Cocon J 8:1-2

Prabhu SR, Subramanian P, Biddappa CC, Bopaiah BM (1998) Prospects and improving coconut
productivity through vermiculture technology. Indian Cocon J 29:79-84

Prabhu SR, Subramanian P, George V Thomas (2000) Opportunities for organic cultivation of
coconut palms. In: 37th Cocotech meeting—International coconut conference 2000 Chennai,
India, pp 37-45

Prasada Rao GS (1986) Effect of drought on coconut production. Indian Cocon J 17(2):11

Premaratne WHE, de Silva MP (1991) Evaluation of a high intensity mixed cropping model in the
mid country of Sri Lanka. First international symposium on horticultural economics in devel-
oping countries, Alemaya, Ethiopia, 16-23 July 1989. Acta Hortic 270:381-387

Premaratne S, Somasiri SC (2011) Integration of livestock in coconut based agro forestry sys-
tems. In: Pushpakumara DKNG, Gunasena HPM, Gunathilake HAJ, Singh VP (eds) Increasing
coconut land productivity through agro forestry interventions. Proceedings of symposium held
at the Coconut Research Institute of Sri Lanka, pp 67-76

Priya George, Alka Gupta, Murali Gopal, Chandramohanan R, Thomas L, Thomas GV (2012a) In
vitro antagonism of rhizopheric flurescent pseudomonads of coconut against Ganoderma appla-
natum and Thielaviopsis paradoxa, fungal pathogens of coconut. J Plantn Crops 40(2):75-81

Priya George, Alka Gupta, Murali Gopal, Thomas GV (2012b) Screening and in vitro evaluation of
phosphate solubilising bacteria from rhizosphere and roots of coconut palms (Cocos nucifera
L.) growing in different states of India. J Plantn Crops 40(1):61-64

Priya George, Alka Gupta, Murali Gopal, Chandramohanan R, Thomas L, Thomas GV (2012c¢)
In vitro screening of fluorescent Pseudomonas spp. for efficient biocontrol agents against
Ganoderma applanatum and Thielaviopsis paradoxa, fungal pathogens of coconut. J Plantn
Crops 39(2):278-284

Proud KRS (2005) A guide to intercropping coconuts. Principles for developing productive upland
agriculture in the humid tropics. Prepared for the Upland Development Programme in Southern
Mindanao (UDP). Project ALA —97/68 www.udpmindanao.org

Rajagopalan A, Nair AR, Prasada Rao GSLHV (1988) Water requirement of young T x G coconut
hybrids. In: Agrometeorology of plantation crops. Kerala Agricultural University, Thrissur

Rajagopalan A, Viswanathan TV, Nirmala Devi S (1992) Medicinal plants as intercrops in coconut
gardens — a preliminary study. J Plantn Crops 20(Suppl):50-51

Rajeshkumar PP, Thomas GV, Gopal M, Alka Gupta (2015) Diversity, richness and degree of colo-
nization of arbuscular mycorrhizal fungi in coconut cultivated along with intercrops in high
productive zone of Kerala, India. Symbiosis 65(3):125-141

Ramadasan K, Abdullah I, Teoh KC, Vanialingam T, Chan E (1978) Intercropping of coconuts
with cocoa in Malaysia. Planter 54:329-342


http://www.udpmindanao.org

314 G. V. Thomas et al.

Ramadasan A, Kasturi Bai KV, Shivasankar S (1993) Selection of coconut seedlings through phys-
iological and biochemical criteria. In: Nair MK, Khan HH, Gopalasundaram P, Rao EVVB
(eds) Advances coconut research and development. Oxford and IBH Publishing, New Delhi,
pp 201-208

Ramakrishnan Nayar TV, Sahasranaman KN (1978) Performance of four fodder crops in coconut
garden under rainfed and irrigated conditions. In: Nelliat EV, Ranganathan V, Vishveshwara S,
Potti SN, Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian
Society for Plantation Crops, Kasaragod, pp 425-430

Ramamoorthy M, Muthusamy M, Meena B (1999) Biodegradation of coir pith using fungal bio-
control agents. Indian Cocon J 29(11):1-3

Ranatunga AS, Liyanage LVK, Perera RAJR (1988) Coconut-based cropping systems in the wet
and wet intermediate zones: present constraints and prospects. Cocon Bull 5(2):8-12

Ranaweera SRM, Nanayakkara CM, Tennakoon NA (2010) Comparison of the effects of organic
fertilizers with inorganic fertilizers on the growth of eight months old coconut seedlings and the
nutrient availability and soil microbial activity of soils. In: Proceedings of 15th International
forestry and environment symposium, 26—27 November 2010, Sri Lanka

Rao AS (1989) Water requirements of young coconut palms in a humid tropical climate. Irrigation
Sci 10(3):245-249

Rao GSLHVP (1994) Water management in coconut. In: Satheesan KV (ed) Water management
for plantation crops. Problems and prospects. CWRDM, Kozhikode, pp 65-70

Rao AS, Vamadevan VK (1982) A climatic study of water availability periods in Kerala. Ann Natl
Assoc Geogr 11:1-7

Ratnambal MJ (1995) Deputation report (COGENT/LPGRI Trainers course on coconut breeding
research techniques, September 19-29 1995, Monado, Indonesia). CPCRI, Kasaragod, India

Ravi Bhat, Krishnakumar V (2011) Influence of planting material and nutrients on herbage and oil
yield of patchouli grown under coconut. J Plantn Crops 39(1):57-61

Remison SU (1987) Coconut research in Nigeria — advances. Agric Int 39:290-292

Remison SU, Iremiren GO (1990) Effect of salinity on the performance of coconut seedlings in
two contrasting soils. COCOS 8:33-39

Remison SU, Mgbeze G (1987) Comparative effects of weed and beneficial effect of mulching on
coconut seedlings. COCOS 5:19-28

Remison SU, Mgbeze CC (1988) Effects of storage and planting methods on the germination of
coconut. Niger J Palms Oil Seeds 9:59-70

Rethinam P (1989) Research highlights of AICRP on Palms. 1972-1979. Central Plantation Crops
Research Institute, Kasaragod, pp 11-12

Reynolds SG (1988) Pastures and cattle under coconuts. Rome, FAO plant production and protec-
tion paper no. 91, p 321

Reynolds SG (1993) Pastures and livestock under tree crops: present situation and possible future
developments. In: Evans TR, Macfarlane DC, Mullen BF (eds) Sustainable beef production
from small holder and plantation farming systems in the South Pacific. Proceedings of a work-
shop. AIDAB, pp 77-117

Reynolds SG (1995) Pasture-cattle-coconut systems. Food and Agriculture Organisation of United
Nations, Bangkok, p 668

Rico Gray V, Garcia-Franco JG, Alexandra C, Armando P, Paulino S (1990) Species composi-
tion, similarity and structure of mayan homegardens in Tixpeual and Tixcacaltuyub, Yucatan,
Mexico. Econ Bot 44:470—482

Rohini Iyer (1983) Rhizosphere microflora in crop mixed coconut soil. Philippine J Cocon Stud
6(2):42-45

Romney DH (1987) Competition from mature coconut trees on under-planted coconut varieties
and hybrids. Oléagineux 42:191-196

Romney DH, Whitehead RA, Smith RW, Shaw FD (1968) How to grow better coconuts. A hand-
book for coconut growers in the Carribean and Central America. FAO, UNPL.IC/5, p 48

Rosenfeld E (2009) Effects of pruning on the health of palms. Arboricult Urban For 35(6):294-299



7 Agro-management Practices for Sustainable Coconut Production 315

Roupsard O, Bonnefond J-M, Irvine M, Berbigier P, Nouvellon Y, Dauzat J, Taga S, Hemel O,
Jourdan C, Saint-André L, Mialet-Serra I, Labouisse J-P, Epron D, Joffre R, Braconnier S,
Rouziere A, Navarro M, Bouillet J-P (2006) Partitioning energy and evapo-transpiration above
and below a tropical palm canopy. Agric For Meteorol 139:252-268

Sahasranaman KN (1961) Chillies-an intercrop for coconut plantation. Cocon Bull 15(2):49-52

Sahasranaman KN (1964) It pays to grow groundnut in coconut plantations. Cocon Bull
18(4):128-130

Sahasranaman KN, Pillai NG (1976) Mixed farming in coconut garden. Intensive Agric 14(9):6-10

Sahasranaman KN, Pillai NG, Jayasankar NP, Potty VP, Varkey T, Amma PGK, Radha K (1983)
Mixed farming in coconut gardens-Economics and its effect on root (wilt) disease. In: Nayar
NM (ed) Coconut research and development. Wiley Eastern, New Delhi, pp 160-165

Sairam CV, Gopalasundaram P, Reddy DVS, Subramanian P, Umarnaheswari L, Hegde MR (1999)
Cash flow analysis of coconut based high density multi-species cropping system — a case study.
J Plantn Crops 27(1):37-44

Salam MA, Mammen MK (1990) Soil and climate based irrigation scheduling for adult coconut.
Indian Cocon J 21(3):2-6

Salam MA, Sreekumar D, Mohanakumaran N, Sathees Babu K (1991) Coconut based homestead
farming: a model. Indian Cocon J 22(4):4-12

Sampson HC (1923) The coconut palm: the science and practice of coconut cultivation. John Bale
Sons and Danielsson, London, p 262

San Juan NC, Abad RG (1981) Preliminary study on the adaptability of winged bean (Psophocarpus
tetragonolobus) (L.) as a cover crop under coconut (Cocos nucifera). Philippine J Weed Sci
8:1-4

Sanico RLT, Laguna LM (1989) Comparative effects of weeding methods on coconut growth.
Philippine J Cocon Stud 19(1):5-7

Santiago RM (1978) Growth of coconut seedlings as influenced by different fertilizer levels and
three soil types. Philippine J Cocon Stud 3:15-27

Saseendran SA, Jayakumar M (1988) Consumptive use and irrigation requirement of coconut
plantations in Kerala. J Plantn Crops 16(2):119-125

Satyabalan K (1976) Coconut growing in Fiji Islands. Cocon Bull 7:1-4

Satyabalan K (1983) Age of seedling at transplanting in coconut. J Plantn Crops 11:13-20

Satyabalan K (1984) Nursery studies in West Coast Tall coconut.2. Seedling growth and output of
quality seedlings in seed nuts germinated during different months. Indian Cocon J 14(12):3-11

Satyabalan K, Mathew J (1983) Identification of pre potent palms in West Coast Tall coconut based
on growth of the progeny in the nursery. In: Nayar NM (ed) Coconut research and develop-
ment. Wiley Eastern, New Delhi, pp 15-22

Scheewe W (2003) Coconut farm diversification- ideas and considerations. Group of Advocates
for Sustainable Agriculture, Inc, p 31

Secretaria MI, Magat SS (2004a) PCA generates technology for a productive coconut-gmelina
tree cropping system for farmers to increase land productivity and farm income. Cocon Today
19:33-37

Secretaria MI, Magat SS (2004b) Long-term effects of CLP on CBFS: Coconut + Gmelina agro-
forestry ecosystem. Paper presented during the 17th regional symposium on RDE highlights,
Aug. 4-5, 2004. USEP, Davao City

Secretaria MI, Magat SS (2006) Coconut-root crops cropping model. Coconut intercropping guide
no. 5. Department of Agriculture, Philippine Coconut Authority, p 22

Secretaria MI, Magat SS, Canja LH (2003) Predicting yield of coconut at two leaf pruning levels
under four coconut-based crop combinations. Philippine Agric Sci 86(3):290-302

Senarathne SHS, Gunathilake HAJ (2010) Weed management in mature coconut plantations in Sri
Lanka. COCOS 19(2):93-100

Senarathne SHS, Perera KCP (2011) Effect of several weed control methods in tropical coco-
nut plantation on weed abundance, coconut yield and economical value. Int Res J Plant Sci
2(2):25-31



316 G. V. Thomas et al.

Senarathne SHS, Samarajeewa AD, Perera KCP (2003) Comparison of different weed manage-
ment systems and their effects on yield of coconut plantations in Sri Lanka. Weed Bio Manage
3:158-161

Sethumadhava Menon K, Ramakrishnan Nayar TV (1978) Effect of intercropping with tuber crops
in root (wilt) affected coconut garden. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti
SN, Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian
Society for Plantation Crops, Kasaragod, pp 416424

Shanthamallaiah NR, Venkatesha Gowda TN, Krishnamonohar R, Shivayogishwar B (1982b)
Studies on intercropping coconut with different field crops in Maidan tract of Karnataka. In:
Proceedings of PLACROSYM-V. Indian Society of Plantation Crops, Kasaragod, pp 402-404

Shanthamalliah NR, Murugendrakumar C, Krishnamanohar R (1978) Effect of coir dust mulching
on water requirement and on the performance of coconut seedlings in the nursery. In: Nelliat
EV, Ranganathan V, Vishveshwara S, Potti SN, Krishna Murthy Rao W, Zachariah PK (eds)
Proceedings of PLACROSYM-1. Indian Society for Plantation Crops, Kasaragod, pp 261-266

Shanthamalliah NR, Venkatesha Gowda TN, Krishnamanohar R, Shivayogishwara B, Balakrishna
P (1982a) Note on the mixed cropping of mulberry in coconut plantation. In: Proceedings of
PLACROSYMS-V. Indian Society for Plantation Crops, Kasaragod, pp 465-467

Sharma R, Prasad S, Mohan NK, Medhi G (1996) Economic feasibility of growing some root and
tuber crops under intercropping system in coconut garden. Hortic J 9(2):167-170

Shelton HM, Humphreys LR, Batello C (1987) Pastures in the plantations of Asia and the Pacific:
performance and prospect. Trop Grasslands 21(4):159-168

Shelton HM (1991) Productivity of cattle under coconuts. In: Shelton HM and Stur WW (eds)
Forages for plantation crops. Proceedings of a workshop, Bali, ACIAR Proceedings no. 32
pp 92-96

Smith MA, Whiteman PC (1983) Evaluation of tropical grasses in increasing shade under coconut
canopies. Exp Agric 19:153-161

Solangi AH, Igbal MZ (2012) Preliminary studies on morphological diversity of coconut (Cocos
Nucifera L.) seedlings by organic and inorganic fertilizer amendments at Karachi, Pakistan.
Pak J Bot 44(1):161-164

Solangi AH, Mal B, Kazmi AR, Igbal MZ (2010) Preliminary studies on the major characteristic,
agronomic feature and nutrient value of Gliricidia sepium in coconut plantations of Pakistan.
Pak J Bot 42(2):825-832

Srinivasa Reddy DV (1998) Comparative performance of coconut nursery raised in polybags and
cement tanks on different media. In: Menon ARS, Iyer RD (eds) Proceedings of 7th Swadeshi
Science Congress, Swadeshi Science Movement, Kochi, India, pp 148-150

Srinivasa Reddy DV (2000) Agronomic techniques for production of vigorous seedlings of WCT
coconut. In: Muralidhharan N, Rajkumar R (eds) Recent advances in plantation crops research.
Allied Publisheres, Mumbai, pp 160-163

Srinivasa Reddy DV, Arunachalam V (2002) Patchouli (Pogostemon cablin) — a potential aromatic
crop for intercropping in coconut gardens. Indian Cocon J 32(10):1-3

Srinivasa Reddy DV, Biddappa CC (2000) Coconut based cropping/farming system in India.
J Plantn Crops 28(1):1-18

Srinivasa Reddy DV, Thomas GV (2001) Mixed cropping of black pepper in coconut and arecanut
gardens. Technical bulletin no. 42, Central Plantation Crops Research Institute, Kasaragod,
India, p 20

Srinivasa Reddy DV, Ratnambal MJ, Gopalasundaram P (1996) Poly bag nursery for production of
vigorous seedlings in coconut. Indian Cocon J 27(3):5-7

Srinivasa Reddy DV, Dhanapal R, Palaniswami C, Maheswarappa HP (1998a) Effect of levels and
methods of fertilization on growth and recovery of vigorous seedlings in WCT coconut nursery.
J Plantn Crops 26(1):58-62

Srinivasa Reddy DV, Bidappa CC, Gopalasundaram P (1998b) Clove (Syzygium aromaticum
L. Merr and Perry.) mixed cropping in coconut garden. Indian Cocon J 29(6):6-8

Srinivasa Reddy DV, Gopalasundaram P, Biddappa CC (2000) Cultivating clove in coconut garden.
Indian Hortic 45(2):29-30



7 Agro-management Practices for Sustainable Coconut Production 317

Srinivasa Reddy DV, Naresh Kumar S, Prabhu SR (2001) Evaluation of alternative media to pot-
ting mixture for raising coconut seedlings in poly bags. J Plantn Crops 29(1):62-65

Steel RJH, Humphreys LR (1974) Growth and phosphorous response of some pasture legumes
grown under coconuts in Bali. Trop Grasslands 8(3):171-178

Stur WW, Shelton HM (1991) Compatibility of forages and livestock with plantation crops. In:
Shelton HM, Stur WW (eds) Forages for plantation crops. Proceedings of a workshop, Bali,
Indonesia, ACIAR proceedings no. 32, pp 112-116

Stur WW, Reynolds SG, Macfarlane DC (1994) Cattle production under coconuts In: Copeland,
JW, Djajanegra A, Sabrani M (eds) International symposium AAAP Animal Science Congress,
Bali, Indonesia. Agroforestry and animal production for human welfare. ACIAR proceedings
no. 55, Canberra, Australia, pp 106-114

Subramaniam PS, Mohandas S, Marimuthu R, Gurusamy A, Natarajan AS (2010) Multispecies
cropping system in coconut for east coast region of Tamil Nadu. In: Thomas GV, Krishnakumar
V, Jerard BA (eds) Improving productivity and profitability in coconut farming. Central
Plantation Crops Research Institute, Kasaragod, pp 162—-168

Subramanian P, Krishnasamy S, Devasagayam MM (1997) Studies on the evaluation of drip
irrigation in comparison with surface irrigation (basin) in coconut. South Indian Hortic
45(5/6):255-258

Subramanian P, Biddappa CC, Maheswarappa HP, Dhanapal R, Palaniswani C (2000) Growing
of Gliricidia as green manure crop in coconut garden under littoral sandy soil. J Plantn Crops
28:212-217

Subramanian P, Dhanapal R, Palaniswami C, Maheswarappa HP (2006) Coastal sandy soil man-
agement through intercropping/alley cropping of Glyricidia in the coconut garden. Cocon Info
Int 13(1):23-24

Subramanian P, Dhanapal R, Palaniswami C, Joseph Sebastidn (2007) Feasibility studies on grow-
ing hybrid Bajra Napier fodder grass as intercrop in coconut under coastal littoral sandy soil.
J Plantn Crops 35(1):19-22

Subramanian P, Dhanapal R, Palaniswami C, Alka Gupta, Vidhan Singh T (2008) Comparison
of biomass yield of hybrid bajra Napier grass in organic and integrated nutrient management
under coconut based mixed farming system In: National conference on organic farming in
horticultural crops with special reference to plantation crops, Programme and abstracts. 15-18
October, 2008, Central Plantation Crops Research Institute, Kasaragod, India

Subramanian P, Dhanapal R, Palaniswami C, Maheswarappa HP, Alka Gupta, George V Thomas
(2009) Coastal sandy soil management for higher coconut productivity. Technical bulletin no.
50. Central Plantation Crops Research Institute, Kasaragod, India, p 20

Subramanian P, Dhanapal R, Mathew AC, Palaniswami C, Upadhyaya AK, Nareshkumar S, Reddy
DVS (2012a) Effect of fertilizer application through micro irrigation technique on nutrient
availability and coconut productivity. J Plantn Crops 40:168-173

Subramanian P, Dhanapal R, Palaniswami C, Alka Gupta, Maheswarappa HP (2012b) Agro-
techniques for higher coconut productivity under coastal sandy soil. Cocon Info Intl 19(1):54-61

Subramanian P, Dhanapal R, Thomas GV, Maheswarappa HP, Thamban C (2014) Coconut based
integrated farming system. Tech bull no. 78, ICAR-Central Plantation Crops Research Institute,
Kasaragod, India, p 32

Subramanian P, Krishnakumar V, Alka Gupta, Murali Gopal, Surekha R, Selvamani V (2016)
Impact of long term organic cultivation practices on soil health and productivity of coconut. In:
Chowdappa P, Muralidharan K, Samsudeen K, Rajesh MK (eds) Abstracts. Third International
symposium on coconut research and development, ICAR-CPCRI, Kasaragod, India, p 54

Sudha B, Annamma G (2011) Tillage and residue management for organic carbon sequestration in
coconut (Cocos nucifera)-based cropping systems. Indian J Agro 56:223-227

Sudhakara K, Kannan K, Nambiar IPS (1989) Effect of defoliation on the productivity of coconut
palm. J Plantn Crops 16(suppl):457—461

Suja G, Nair VM, Saraswathy P, Pushpakumari R (2003a) Plant population and sett size effects
on white yam (Dioscorea rotundata Poir.) intercropped in coconut garden. Trop Agric
80(3):157-162



318 G. V. Thomas et al.

Suja G, Nair VM, Sreekumar J (2003b) Influence of organic manures, nitrogen and potassium
on nutrient uptake and nutrient use efficiency of white yam (Dioscorea rotundata Poir) inter-
cropped in coconut garden (Cocos nucifera). Indian J Agro 48:168-171

Suja G, Nair VM, Saraswathy P, Sreekumar J (2004a) Implications of organic manure, nitrogen
and potassium application in white yam (Dioscorea rotundata Poir.) intercropped in coconut
garden on nutrient balance of soil. Ann Agric Res 25(1):76-82

Suja G, Nair VM, Saraswathy P, Nayar TVR (2004b) Response of white yam intercropped in coco-
nut garden to organic manures, nitrogen and potassium. J Plantn Crops 32(1):21-27

Sumathykutty Amma B (1964) Preliminary studies on the effect of micronutrients on the germina-
tion of coconut seed nuts. Curr Sci 33:49-50

Sumbak JH (1968) Coconut seedling establishment as affected by seedling development at trans-
planting as well as agronomic practices. Progress Report (1) Oleagineux 23:579-582

Sumbak JH (1970) Coconut seedling establishment as affected by seedling development at trans-
planting as well as agricultural practices. Papua New Guinea Agric J 22:6-25

Sundaresan N, Rangaswamy M, Mohammed Ibrahim PA (1974) Suitable season for the collection
of seed nut in the East coast of Tamil Nadu. Madras Agric J 61:525-530

Suneetha MS, Chandrakanth MG (2003) Intercropping medicinal plants in coconut gardens: a
feasible enterprise. Indian Cocon J 34:12—-14

Sutherland R, Ziegler A (2007) Effectiveness of coir-based rolled erosion control systems in reduc-
ing sediment transport. Appl Geogr 27:150-164

Taffin GD, Zakra N, Pomier M, Braconnier S, Weaver RW, De-Taflin G (1991) Search for a stable
cropping system combining coconut and nitrogen-fixing trees. Oleagineux 46(12):489-500

Tennakoon NA (2011) Soil fertility and water management through coconut based agro for-
estry systems. In: Pushpakumara DKNG, Gunasena HPM, Gunathilake HAJ, Singh VP (eds)
Increasing coconut land productivity through agro forestry interventions. Proceedings of a
symposium held at the Coconut Research Institute of Sri Lanka, pp 45-56

Thamban C, Sairam CV, Muralidharan K, Krishnakumar V, Arulraj S (2006) Multidimensional
analysis of coconut based farming systems adopted by farmers. J Plantn Crops 34(3):720-725

Thamban C, Mathew AC, Subramanian P, Muralidharan KK (2014) Soil and water conserva-
tion measures for sustainable coconut production: impact of interventions under Farmers
Participatory Action Research Programme. J Plantn Crops 42(1):94-100

Thampan PK (1981) Handbook on coconut palm. Oxford & IBH Publishing, New Delhi, pp 59-101

Thiruvarassan S, Maheswarappa HP (2014) Performance of medicinal and aromatic plants as
intercrops in coconut garden. J Plantn Crops 42(2):238-240

Thiruvarassan S, Maheswarappa HP, Subramani T (2014) Evaluation of coconut based multispe-
cies cropping systems for east coast region of Tamil Nadu. J] Andaman Sci Assoc 19(1):59-64

Thiruvarassan S, Mohandas S, Ganesan K, Sanbagavalli S (2016) Response of Coconut
(Cocos nucifera L.) to Fertigation in East Coast Region of Tamil Nadu. Madras Agric
J 103(4-6):166-168

Thomas KM (1974) Influence of certain physical and chemical treatments on the germination and
subsequent growth of coconut (Cocos nucifera L.) seedlings: a preliminary study. East African
Agric For J 40:152-156

Thomas GV (1987) Microbial population, enzyme activity and VA - mycorrhiza in the root region
of coconut in relation to in situ green manuring. In: Sethuraj MR, Potti SN, Bavappa KVA,
Jayarathnam K, Ramaiah PK, Krishnamurthy KK, Das PK (eds) Proceedings PLACROSYM
VI. Oxford and IBH Publishing, New Delhi, pp 267-274

Thomas GV (1988) Vesicular-arbuscular mycorrizhal symbiosis in coconut (Cocos nucifera) in
relation to the root (wilt) disease and intercropping or mixed cropping. Indian J Agric Sci
57(2):145-147

Thomas GV (2010) Technological advances in organic farming of plantation crops. In: Singh
HP, Thomas GV (eds) Organic horticulture, principles, practices and technologies. Westville
Publishing House, New Delhi, p 440

Thomas GV, George M (1990) Basin management using green manure legumes for root (wilt)
affected coconut palms. Indian Cocon J 20:7-8



7 Agro-management Practices for Sustainable Coconut Production 319

Thomas GV, Ghai SK (1987) Genotype dependent variation in vesicular- arbuscular mycorrhizal
colonization of coconut roots. Proc Indian Acad Plant Sci 97:289-294

Thomas GV, Ghai SK (1991) Influence of Rhizobium inoculation and seed pelleting on nodulation
of green manure legumes in an acidic coconut soil. J Plantn Crops (Suppl) 18:72-77

Thomas GV, Prabhu SR (2003) Association of diazotrophic and plant growth promoting rhizo-
bacteria with coconut palm (Cocos nucifera L.). In: Proceedings of 6th International PGPR
workshop, 5-10 October 2003, Calicut, India, pp 20-26

Thomas GV, Shantaram MV (1984) In situ cultivation and incorporation of green manure legumes
in coconut basins. An approach to improve soil fertility and microbial activity. Plant Soil
80:373-380

Thomas GV, Shantaram MV (1986) Solubilization of inorganic phosphates by bacteria from coco-
nut soils. J Plantn Crops 14:42-48

Thomas GV, Shantaram MV, Saraswathy N (1985) Occurrence and activity of phosphate solubiliz-
ing fungi from coconut plantation soils. Plant Soil 87:357-364

Thomas GV, Rohini Iyer, Bopaiah BM (1991) Beneficial microbes in the nutrition of coconut.
J Plantn Crops 19:127-138

Thomas GV, Rajagopal V, Bopaiah BM (1993) VA-mycorrhizal association in relation to drought
tolerance in coconut. J Plantn Crops (Suppl) 21:98-103

Thomas GV, Prabhu SR, Reeny MZ, Bopaiah BM (1998a) Evaluation of lignocellulosic biomass
from coconut palm as substrate for cultivation of Pleurotus sajor caju(Fr.) Singer. World
J Microbiol Biotechnol 14:879-882

Thomas GV, Reeny MZ, Prabhu SR (1998b) Variation in oyster mushroom production in coco-
nut by-products as influenced by mixing of substrates. In: Proceedings of Swadeshi Science
Congress, Swadeshi Science Movement, Kochi, India, pp 40-46

Thomas GV, Biddappa CC, Prabhu SR (2001a) Evaluation of N,-fixing cover legumes as green
manures for N substitution in coconut palm (Cocos nucifera L.). Trop Agric (Trinidad)
78:13-18

Thomas GV, Prabhu SR, Subramanian P, Iyer R (2001b) Organic farming technologies in coconut.
ATIC series publication no. 4, Central Plantation Crops Research Institute, Kasaragod, Kerala,
India, p 14

Thomas GV, Subramanian P, Krishnakumar V, Alka Gupta, Chandramohanan R (2010a) Package
of practices for organic farming in coconut. Tech bull no. 64. CPCRI, Kasaragod, India, p 25

Thomas GV, Krishnakumar V, Subramanian P, Alka Gupta (2010b) Organic farming as a via-
ble nutrient management strategy for sustainability in organic farming. In: Thomas GV,
Krishnakumar V, Jerard BA (eds) Improving productivity and profitability in coconut farming.
Central Plantation Crops Research Institute, Kerala, India, pp 230-237

Thomas GV, Krishnakumar V, Subramanian P, Murali Gopal, Alka Gupta (2012a) Organic farming
in coconut — feasibility, technological advancements and prospects. Indian Cocon J 55(7):22-31

Thomas GV, Palaniswami C, Gopal M, Alka Gupta (2012b) Recycling coconut leaf-agro wastes
mixture using Eudrilus sp. and growth promotion properties of coconut leaf vermicompost. Int
J Innov Hortic 1(2):113-118

Thomas GV, Palaniswami C, Prabhu SR, Murali Gopal, Alka Gupta (2013) Co-composting of
coconut coir pith with solid poultry manure. Curr Sci 104(2):245-250

Thomas GV, Murali Gopal, Alka Gupta, Subramanian P, Prabhu SR (2016) Bio- resources based
biological soil fertility management for sustainable coconut production. In: Chowdappa P et al
(eds) Abstracts of 3rd International symposium on coconut research and development, ICAR —
Central Plantation Crops Research Institute, Kasaragod, India, 15-17 December 2016

Thompson P (1988) Fodder production and fodder conservation in the Kingdom of Tonga. Mission
report to FAO, Project RAS/86/039, p 34

Tripetchkul S, Pundee K, Koonsrisuk S, Akeprathumchai S (2012) Co-composting of coir pith and
cow manure: initial C/N ratio vs physico-chemical changes. Int J Recycling Org Waste Agric
1:15



320 G. V. Thomas et al.

Ubaldo MBA, Magat SS, Rillio EP, Secretaria MI (2006) Crop nutrition and fertilizer management
of embryo-cultured seedlings of Makapuno and Laguna Tall coconuts with special reference to
their response to different levels of NaCl and chicken manure. CORD 22(2):1-14

Ugbah MM, Akpan EEJ (2003) Effect of nut positioning and husk slashing nut germination and
growth of two coconut varieties. Niger J Palms Oil Seeds 15:11-21

Uthaiah BC, Indiresh KM, Shetty TKP (1993) Preliminary studies on the effect of mulches and
irrigation on growth of young coconut plants in coastal Karnataka. Indian Cocon J 24(6):5-9

Utomo B (2013) Environmental performance of cocoa production from monoculture system and
agroforestry system in Indonesia. Thesis submitted as a part of the requirements for the degree
of Master of Science in Environmental Technology and Management the Joint Graduate School
of Energy and Environment at King Mongkut’s University of Technology, Thonburi, p 105

Van Holm L Jr (1993) A report on Coir dust as a growing medium presented to the 7th floricultural
symposium. Colombo Biological nitrogen fixation project. Institute of Fundamental Studies,
Hantana, Kandy, Sri Lanka

Varadan KM, Chandran KM (1991) Irrigation requirement of coconut under drip method. In: Silas
EG, Aravindakshan M, Jose Al (eds) Coconut breeding and management. Kerala Agricultural
University, Thrissur, pp 281-282

Varghese PT, Nelliat EV, Balakrishnan TK (1978a) Beneficial interactions of coconut-cacao com-
bination. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti SN, Krishna Murthy Rao W,
Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian Society for Plantation Crops,
Kasaragod, pp 383-392

Varghese PT, Nair PKR, Nelliat EV, Rama Varma, Gopalasundaram P (1978b) Intercropping
with tuber crops in coconut garden. In: Nelliat EV, Ranganathan V, Vishveshwara S, Potti SN,
Krishna Murthy Rao W, Zachariah PK (eds) Proceedings of PLACROSYM-1. Indian Society
for Plantation Crops, Kasaragod, pp 399415

Veloso AV, Ly T (1982) Effect of chlorine sources and ammonium sulfate and the growth of coco-
nut seedlings grown on four soil types. Ann Trop Res 4(3):224-230

Venkitaswamy R, Christopher LA, Devasenapathy P, Sridharan CS, Prabhakaran NK,
Madhiyazhagan R (1997) Effect of drip irrigation on hybrid coconut. Madras Agric
J 84:591-593

Vergara NT, Nair PKR (1985) Agroforestry in the South Pacific Region: an overview. Agrofor Syst
3:363-379

Verghese EJ, Krishna Marar MM, Thomas PK (1953) Preliminary studies on the variation in mois-
ture in coconut soils. Indian Cocon J 6:49-56

Vidhana Arachchi LP (1996a) Characterization of physical properties of soils and studies on the
development of coconut roots. The project report (12/175/1490 submitted to the Council for
Agricultural Research Policy (CARP), Sri Lanka

Vidhana Arachchi LP (1996b) Effect of soil physical properties on growth and activity of coco-
nut (Cocos nucifera L.) roots. Thesis submitted in partial fulfillment of the requirements
for the degree of Doctor of Philosophy of the Faculty of Applied Science, University of Sri
Jayawardenepura, Nugegoda, Sri Lanka

Vidhana Arachchi LP (1998a) An evaluation of different mulches used in soil moisture conserva-
tion of coconut lands. CORD 14(2):12-27

Vidhana Arachchi LP (1998b) Preliminary requirements to design a suitable drip irrigation system
for coconut (Cocos nucifera L.) in gravelly soils. Agric Water Manage 38:169-180

Vidhana Arachchi LP, Jayasekara KS (1988) Coir dust to improve coconut production. Annu
Sessions Sri Lanka Assoc Adv Sci B 10:32

Vidhana Arachchi LP, Somasiri LLW (1993) Efficient use of coir dust on Sudu series soil. Annu
Sessions Sri Lanka Assoc Adv Sci B 45:73

Vidhana Arachchi LP, Somasiri LLW (1997) Assessment of oxygen availability in soils of different
drainage classes and its effect on coconut root growth. Proceedings of Sri Lanka Assoc Adv
Sci 53(2):159-160



7 Agro-management Practices for Sustainable Coconut Production 321

Vidhana Arachchi LP, Yapa PAJ, Mapa RB, Somapala H (2000) Soil physical constraints and their
effect on morphological characters of coconut (Cocos nucifera L.) roots. CORD 16(1):14-33

Vijayakumar KR, Mammen G, Pillai GG, Vamadevan VK (1986) Alley cropping of Leucaena in
coconut gardens in Western Ghats of India: yields of dry matter and organic nitrogen. Leucaena
Res Rep 7:72-74

Vijayaraghavan H, Ramachandran TK (1989) Effect of in situ cultivation and incorporation of
green manure crops on the yield of coconut. COCOS 7:26-29

Viswanathan TV, Radhakrishnan VV, Reghunath BR, Prsannakumari KT (1992) Patchouli as an
intercrop in young coconut garden. Indian J Agric Sci 63(9):616-617

Viswanathan TV, Reghunath BR, Radhakrishnan VV, Prasannakumari KT, Sosamma C (1993)
Patchouli — a potential essential oil yielding crop for Coconut gardens. Indian Perfumer
37:12-13

Whitehead RA, Smith RW (1968) Results of a coconut spacing trial in Jamaica. Trop Agric
(Trinidad) 45:127-132

Wickramaratne MRT (1987) More palms, more nuts, more copra. Cocon Bull 4(1):1-5

Wickramaratne MRT, Padmasiri MHL (1986) Some observations on the position of the soft eye in
Cocos nucifera. COCOS 4:35-37

Wickramaratne MRT, Coe R, Fernando S (1987) Evaluation of criteria for selection of seed coco-
nuts (Cocos nucifera L.). COCOS 5:1-7

Wijebandara DMDI (2010) Phosphorus status of major coconut growing soils of Sri Lanka on the
performance of Pueraria phaseoloides. COCOS 19:27-40

Wong CC (1991) Shade tolerance of tropical forages: a review. In: Shelton HM, Stur WW (eds)
Proceedings of workshop forages for plantation crops. Bali, Indonesia, ACIAR proceedings
no. 32, pp 64-69

Wauidart W (1981a) Production of coconut planting material-selection of hybrids in the seed-bed.
Oleagineux 36(10):497—499

Wauidart W (1981b) Production of coconut planting material. Conduct of a seed-bed. Oléagineux
36(6):305-309

Wauidart W (1981c) Production of coconut planting material. The polybag nursery. Oleagineux
36(7):367-376

Wauidart W, Nuce de Lamothe M d (1981a) Ripeness of coconut seeds and germination. Oleagineux
36(11):549-554

Wauidart W, Nuce de Lamothe M d (1981b) Seed germination and development of coconut plants
in function of nut position. Oleagineux 36(12):600-603

Yusuf M, Varadan KM (1993) Water management studies on coconut in India. In: Nair MK, Khan
HH, Gopalasundaram P, Rao EVVB (eds) Advances in coconut research and development.
Oxford and IBH Publishing, New Delhi, pp 337-346

Ziegler AD, Sutherland RA (1997) Reduction in interrill sediment transport by rolled erosion con-
trol systems. Soil Tillage Res 45:265-278

Ziller R, Fremond Y (1961) Novos resultados com a adubacao do coquiro na Costa do Marfim.
Fertilite 13:13-25

Dr. George V. Thomas Former Director, ICAR-Central Plantation Crops Research Institute,
Kasaragod, India, has 36 years of research experience on coconut, especially on bio-resources
management. He was Chairman, International Coconut Genetic Resources Network; President,
Indian Society for Plantation Crops; and Editor, Journal of Plantation Crops. He is a recipient of
ICAR Outstanding Team Research Award. Dr. Thomas has 150 research publications and has
edited 10 books. Presently, he is Emeritus Scientist, Council for Food Research and Development,
Konni, Kerala, India. georgevthomas @yahoo.com


mailto:georgevthomas@yahoo.com

322 G. V. Thomas et al.

Dr. V. Krishnakumar is currently a Principal Scientist (Agronomy) and Head, ICAR-Central
Plantation Crops Research Institute (Regional Station), Kayamkulam, Kerala. He served as Editor
of the Journal of Plantation Crops. As an agronomist, he has edited 10 books and published more
than 100 research and technical articles as well as contributing chapters in various books and tech-
nical bulletins. dr.krishnavkumar @ gmail.com

Dr. R. Dhanapal is an agronomist, retired as a Principal Scientist from the ICAR-Sugarcane
Breeding Institute, Coimbatore, India. He has 28 years of experience in coconut, mainly in the area
of water management. He has 60 publications to his credit. ramaswamydhanapal @yahoo.co.uk

Dr. D. V. Srinivasa Reddy is currently working as Principal Scientist (Agronomy) in ICAR-
Agricultural Technology Application Research Institute, Bengaluru, India. He has served the
Central Plantation Crops Research Institute (ICAR). He has also worked with the Department of
Agriculture and Cooperation, Ministry of Agriculture (Government of India), as Deputy
Commissioner (Crops). Dr. Reddy has 98 publications apart from chapters in 5 books. reddydvs @
yahoo.com


mailto:dr.krishnavkumar@gmail.com
mailto:ramaswamydhanapal@yahoo.co.uk
mailto:reddydvs@yahoo.com
mailto:reddydvs@yahoo.com

	Foreword
	Preface
	Acknowledgements
	Contents
	About the Editors
	Editors and Contributors
	Editor-in-Chief
	Editors
	Contributors

	Abbreviations
	Chapter 1: Introduction
	1.1 Introduction
	1.2 The Uniqueness of the Palms
	1.3 Development Perspectives of the Coconut Sector
	1.4 The Poor State of Affairs of the Coconut
	1.5 Causes for Decline of Coconut
	1.6 Major Coconut-Growing/Coconut-Using Countries
	1.7 History of the Taxonomy of Coconut
	1.8 Brief History of Cocos Classification
	Annexure I: Description of Coconut (Cocos nucifera) Given in Linnaeus C (1753)
	References

	Chapter 2: International Scenario of Coconut Sector
	2.1 Introduction
	2.2 Global Coconut Scenario
	2.3 Coconut Industry: Supply–Value Chain
	2.4 Opportunities for Product Diversification, Value Addition and By-Product Utilization
	2.5 Demand for Coconut
	2.6 Domestic Consumption of Major Coconut Products
	2.7 Global Export of Coconut Products
	2.7.1 Coconut Oil
	2.7.2 Copra Meal/Copra Cake
	2.7.3 Fresh Coconut
	2.7.4 Desiccated Coconut
	2.7.5 Coconut Milk/Cream and Milk Powder
	2.7.6 Coconut Shell Charcoal and Activated Carbon
	2.7.7 Coir and Coir Products

	2.8 Price of Coconut Products
	2.9 Import of Coconut Products
	2.9.1 Copra
	2.9.2 Coconut Oil
	2.9.3 Copra Meal
	2.9.4 Desiccated Coconut
	2.9.5 Coir Fibre
	2.9.6 Coir Yarn

	2.10 Production of Major Oilseeds
	2.11 Emerging New Applications
	2.11.1 Organic Foods
	2.11.1.1 Organic Coconut Water: Global Market Dynamics
	2.11.1.2 Virgin Coconut Oil

	2.11.2 Functional Foods
	2.11.2.1 Functional Drinks from Coconut
	2.11.2.2 Neera
	2.11.2.3 Coconut Sugar

	2.11.3 Coconut Shell Charcoal and Activated Carbon
	2.11.4 Cosmeceuticals
	2.11.5 Oleochemicals
	2.11.6 Biofuel/Bio-Lubricants
	2.11.7 Biomass as Alternate Source for Fuel
	2.11.8 Premium Grade Monolaurin and HIV/AIDS
	2.11.9 Coir and Coir Pith

	2.12 Yield Gap in Coconut
	2.12.1 Causes for Low Productivity
	2.12.2 Strategic Solutions for Increasing Production
	2.12.3 Integrated Approach to Increase Productivity

	2.13 Approaches to Face Future Global Challenges
	2.14 Global Organizations Promoting Coconut Industry
	2.14.1 Asian and Pacific Coconut Community (APCC)
	2.14.2 International Coconut Genetic Resources Network (COGENT)
	2.14.3 Bureau for the Development of Research on Tropical Perennial Oil Crops (BUROTROP)

	2.15 Future Strategy
	References

	Chapter 3: Botany, Origin and Genetic Resources of Coconut
	3.1 Introduction
	3.2 Origin and Distribution
	3.3 Varieties of Coconut
	3.3.1 Native Varieties and Classification Systems

	3.4 Botany and Morphology
	3.4.1 Root Growth and Development
	3.4.2 Stem
	3.4.3 Leaf
	3.4.4 Inflorescence
	3.4.4.1 Floral Morphology

	3.4.5 Pollen, Pollination and Fruit Set
	3.4.6 Fruit Development: Endosperm, Embryo
	3.4.6.1 Fruit Maturity
	3.4.6.2 Morphology

	3.4.7 Propagation
	3.4.7.1 Seed Germination, Growth and Development of Seedlings


	3.5 Cytology
	3.5.1 Karyomorphology
	3.5.2 Meiotic Studies
	3.5.3 Cytology of Endosperm and Embryo

	3.6 Genetic Resources
	3.6.1 Variety
	3.6.2 Cultivar
	3.6.3 Ecotype
	3.6.4 Form or Morphotype
	3.6.5 Variant
	3.6.6 Population
	3.6.7 Subpopulation
	3.6.8 Accession
	3.6.9 Genotype
	3.6.10 Plant Variety
	3.6.11 Naming Coconut Cultivars/Ecotypes

	3.7 Germplasm Collection and Conservation
	3.7.1 Alternate Conservation Strategies

	3.8 Novel Traits and Abnormalities
	3.8.1 Novelties Associated with Stem
	3.8.1.1 Polyembryony
	3.8.1.2 Branching
	3.8.1.3 Suckering

	3.8.2 Novelties Associated with Leaf
	3.8.2.1 Plicate Palms
	3.8.2.2 Chimeras
	3.8.2.3 Albinos

	3.8.3 Novelties Associated with Inflorescence
	3.8.3.1 Midget Palm
	3.8.3.2 Bulbils
	3.8.3.3 Double Spadix in Leaf Axils
	3.8.3.4 Multi–Spatheate Inflorescence
	3.8.3.5 Hermaphrodite Flowers
	3.8.3.6 Male Palms
	3.8.3.7 Spicata Inflorescence
	3.8.3.8 Partial Suppression of Spikelets
	3.8.3.9 Secondary Branching of Spikes
	3.8.3.10 Varied Number of Pistillodes, Astamens, and Perianth

	3.8.4 Novelties Associated with Fruits
	3.8.4.1 Polycarpy
	3.8.4.2 Varied Number of Carpels
	3.8.4.3 Horned Coconut
	3.8.4.4 Vivipary
	3.8.4.5 Sweet Husk
	3.8.4.6 Soft Husk
	3.8.4.7 Pink–Husked Fruits and Anther Filaments
	3.8.4.8 Sweet Endosperm
	3.8.4.9 Soft or Buttery Endosperm
	3.8.4.10 White Testa
	3.8.4.11 Aromatic Types

	3.8.5 Novelties Associated with Chromosome Number
	3.8.5.1 Haploidy

	3.8.6 Novelties Associated with Gross Morphology
	3.8.6.1 Compact Crown


	3.9 Future Strategy
	References

	Chapter 4: Varietal Improvement
	4.1 Introduction
	4.2 Genetic Diversity
	4.3 Selection
	4.3.1 Mother Palm Selection
	4.3.2 Seed Nut Selection
	4.3.3 Seedling Selection

	4.4 Hybridisation
	4.4.1 Seed Gardens

	4.5 Breeding Strategy
	4.6 Complex Hybrid
	4.7 Synthetic Variety
	4.8 Genetic Studies
	4.8.1 Genetic Variability
	4.8.2 Correlations
	4.8.3 Stability
	4.8.4 Field Experiments

	4.9 Breeding for Special Characters
	4.9.1 Tender Coconut
	4.9.2 Toddy and Sugar
	4.9.3 Husk
	4.9.4 Dwarfness
	4.9.5 Makapuno Palms
	4.9.6 Unique Forms
	4.9.7 Disease Resistance
	4.9.8 Pest Resistance
	4.9.9 Drought Tolerance
	4.9.10 Cold Tolerance
	4.9.11 Ideotype

	4.10 Biotechnology
	4.11 Global Scenario of Coconut Breeding
	4.11.1 Sri Lanka
	4.11.2 Bangladesh
	4.11.3 China
	4.11.4 Philippines
	4.11.5 Indonesia
	4.11.6 Thailand
	4.11.7 Malaysia
	4.11.8 Vietnam
	4.11.9 Côte d’Ivoire
	4.11.10 Benin
	4.11.11 Nigeria
	4.11.12 Ghana
	4.11.13 Tanzania
	4.11.14 Mexico
	4.11.15 South Pacific Region

	4.12 Future Strategy
	References

	Chapter 5: Varietal Resistance in Coconut
	5.1 Introduction
	5.2 Terminologies Used in Resistance Breeding
	5.3 Disease Resistance
	5.3.1 Phytoplasmal Diseases
	5.3.1.1 Root (Wilt) Disease
	5.3.1.2 Lethal Yellowing Disease (LYD)
	5.3.1.3 Cape St. Paul Wilt

	5.3.2 Fungal Diseases
	5.3.2.1 Bud Rot
	5.3.2.2 Basal Stem Rot
	5.3.2.3 Stem Bleeding
	5.3.2.4 Leaf Spot and Leaf Blight
	5.3.2.5 Small and Big Verrucosis

	5.3.3 Protozoan Diseases

	5.4 Pest Resistance
	5.4.1 Eriophyid Mite (Aceria guerreronis)
	5.4.2 Rhinoceros Beetle (Oryctes rhinoceros)
	5.4.3 Red Palm Weevil (Rhynchophorus ferrugineus)
	5.4.4 Red Spider Mite (Oligonychus velascoi)
	5.4.5 Nematodes
	5.4.6 Rodents
	5.4.7 Ash Weevil

	5.5 Breeding Coconut with Their Microbiome
	5.6 Future Strategy
	References

	Chapter 6: Coconut Biotechnology
	6.1 Introduction
	6.2 In Vitro Techniques
	6.2.1 Embryo Culture
	6.2.1.1 Germplasm Collection
	6.2.1.2 Embryo Rescue

	6.2.2 Cryopreservation
	6.2.2.1 Embryo Cryopreservation
	6.2.2.2 Pollen Cryopreservation

	6.2.3 Tissue Culture

	6.3 Molecular Studies
	6.3.1 Biochemical Markers
	6.3.2 DNA-Based Markers
	6.3.2.1 Diversity Studies
	6.3.2.2 Non-linkage Association of Markers with Phenotypic Traits
	6.3.2.3 Linkage Mapping and QTL Identification
	6.3.2.4 Association Analysis


	6.4 Genomics and Transcriptomics
	6.4.1 Gene Discovery
	6.4.1.1 Somatic Embryogenesis
	6.4.1.2 Transcription Factors
	6.4.1.3 Endosperm Development
	6.4.1.4 Resistant Gene Analogues
	6.4.1.5 Aroma

	6.4.2 Estimation of Genome Size
	6.4.3 Chloroplast Genome
	6.4.4 Mitochondrial Genome
	6.4.5 Transcriptome Analysis
	6.4.5.1 Host–Pathogen Interactions
	6.4.5.2 Fatty Acid Biosynthesis and Metabolism
	6.4.5.3 Embryogenesis
	6.4.5.4 RNA-Directed DNA Methylation
	6.4.5.5 Aroma
	6.4.5.6 Whole Genome Sequencing


	6.5 Transformation Studies
	6.6 Future Strategy
	References

	Chapter 7: Agro-management Practices for Sustainable Coconut Production
	7.1 Introduction
	7.2 Quality Planting Material Production
	7.2.1 Collection of Seed Nuts
	7.2.2 Storage of Seed Nuts
	7.2.3 Pre-sowing Treatment
	7.2.4 Nursery Raising Techniques
	7.2.5 Care and Management of Nursery
	7.2.6 Poly Bag Nursery for Superior Seedlings
	7.2.7 Age of Seedlings for Transplanting in the field

	7.3 Field Planting
	7.3.1 Field Planting Systems
	7.3.2 Size of Pits and Planting of Seedlings
	7.3.3 Time of Planting

	7.4 Care of Young Plantation
	7.5 Management of Adult Palms
	7.5.1 Fertilizer Application
	7.5.2 Green Manuring/Cover Cropping
	7.5.3 Soil and Moisture Conservation
	7.5.4 Irrigation
	7.5.4.1 Water Requirement and Response to Irrigation
	7.5.4.2 Methods of Irrigation
	7.5.4.3 Irrigation with Saline Water

	7.5.5 Fertigation
	7.5.6 Weed Management
	7.5.7 Leaf Pruning in Coconut
	7.5.8 Underplanting/Replanting in Coconut

	7.6 Coconut-Based Farming System
	7.6.1 Amenability of Coconut Palm to Cropping Systems
	7.6.1.1 Space Availability
	7.6.1.2 The Rooting Pattern of Coconut
	7.6.1.3 The Availability of Solar Radiation

	7.6.2 Relevance of Coconut-Based Farming Systems
	7.6.3 Coconut-Based Intercropping
	7.6.4 Coconut-Based Mixed Cropping
	7.6.5 Coconut-Based Agroforestry System
	7.6.6 High-Density Multispecies Cropping System
	7.6.7 Coconut-Based Mixed Farming
	7.6.8 Coconut-Based Homestead Farming System

	7.7 Harnessing Beneficial Microbial Resources
	7.7.1 Microbial Resources with Function-Specific Traits
	7.7.2 Biofertilizers as Inputs in Coconut Production

	7.8 Organic Farming as a Viable Strategy in Coconut
	7.8.1 Vermicomposting of Coconut Leaf Biomass
	7.8.2 Bioconversion of Coir Pith to Valuable Resources
	7.8.3 Direct Utilization of Organic Matter
	7.8.4 Field Validation of Organic Farming Technologies

	7.9 Future Thrust
	References

	Chapter 8: Soil Productivity and Nutrition
	8.1 Introduction
	8.2 Major Coconut Growing Soils and Their Management
	8.2.1 Red and Laterite Soils
	8.2.2 Sandy Soils
	8.2.3 Alluvium
	8.2.4 Coral Soils
	8.2.5 Volcanic Soils
	8.2.6 Clay and Peat Soils

	8.3 Soil Suitability for Coconut Plantation
	8.4 Soil Fertility Management
	8.4.1 Depth of Soil
	8.4.2 Soil pH and Management
	8.4.3 Electrical Conductivity
	8.4.4 Organic Matter

	8.5 Mineral Nutrients on Growth and Productivity of the Palm
	8.5.1 Soil Nitrogen
	8.5.2 Soil Phosphorus
	8.5.3 Soil Potassium
	8.5.4 Secondary Nutrients in the Soil
	8.5.5 Micronutrients
	8.5.5.1 Sodium
	8.5.5.2 Chlorine


	8.6 Removal of Nutrients by the Palm
	8.7 Long–Term Impact of Fertilization on Nutrient Status
	8.8 Role of Mineral Nutrients
	8.8.1 Nitrogen
	8.8.1.1 Behaviour in the Palm
	8.8.1.2 Deficiency Symptoms, Causes and Correction

	8.8.2 Phosphorus
	8.8.2.1 Behaviour in the Palm
	8.8.2.2 Deficiency Symptoms, Causes and Correction

	8.8.3 Potassium
	8.8.3.1 Behaviour in the Palm
	8.8.3.2 Deficiency Symptoms, Causes and Correction

	8.8.4 Calcium
	8.8.4.1 Behaviour in the Palm
	8.8.4.2 Deficiency Symptoms, Causes and Correction

	8.8.5 Magnesium
	8.8.5.1 Behaviour in the Palm
	8.8.5.2 Deficiency Symptoms, Causes and Correction
	8.8.5.3 Interactions

	8.8.6 Sulphur
	8.8.6.1 Behaviour in the Palm
	8.8.6.2 Deficiency Symptoms, Causes and Correction

	8.8.7 Sodium
	8.8.8 Chlorine
	8.8.9 Micronutrients
	8.8.9.1 Iron
	8.8.9.2 Manganese
	8.8.9.3 Boron
	8.8.9.4 Copper and Zinc
	8.8.9.5 Molybdenum


	8.9 Diagnostic Techniques for Evaluating Nutrient Requirement
	8.9.1 The Soil Approach
	8.9.2 The Plant Approach
	8.9.3 The Soil–Plant Integrated Approach
	8.9.4 Use of Nut Water for Nutrient Analysis

	8.10 Nutrient Management
	8.10.1 Nutrient Management in the Nursery
	8.10.2 Nutrient Management of Young Palms
	8.10.3 Nutrient Management of Adult Palms
	8.10.4 Period of Fertilizer Application
	8.10.5 Organic Manuring in Coconut
	8.10.5.1 Effect on Soil Physico–Chemical and Microbial Properties


	8.11 Soil and Nutritional Aspects Associated with Certain Disorders
	8.11.1 Bronze Leaf Wilt
	8.11.2 Crown Choke Disease
	8.11.3 Stem Tapering Disease
	8.11.4 Rubbery Copra
	8.11.5 The Coconut Root (Wilt) Disease

	8.12 Future Strategy
	References

	Chapter 9: Physiology and Biochemistry
	9.1 Introduction
	9.2 Growth and Development
	9.2.1 Physiological and Biochemical Changes During  the Early Phase of Germination
	9.2.1.1 Germination

	9.2.2 Seedling Growth
	9.2.3 Leaf and Crown
	9.2.4 Stem
	9.2.5 Flowering
	9.2.6 Nut Development
	9.2.6.1 Biochemistry of the Developing Nut

	9.2.7 Variability in Coconut Germplasm for Oil and Fatty Acid Profile
	9.2.8 Total Dry Matter Production (TDM)

	9.3 Physiological Basis of Yield Potential
	9.3.1 Leaf Water Potential (ψleaf)
	9.3.2 Chlorophyll Index
	9.3.3 Osmotic Adjustment
	9.3.4 Epicuticular Wax
	9.3.5 Water Consumption and Water Use Efficiency
	9.3.6 Biochemical Traits

	9.4 Physiological and Environmental Constraints for Higher Productivity
	9.4.1 Selection Criteria for Drought Tolerance
	9.4.2 Other Abiotic Stresses
	9.4.3 Biotic Stresses
	9.4.3.1 Root (Wilt) Disease (RWD)
	9.4.3.2 Lethal Yellowing Disease (LYD)
	9.4.3.3 Basal Stem Rot


	9.5 Conditions for Optimum Growth and Yield
	9.5.1 Characterization of the Growing Environment
	9.5.2 Physiological Optimization for Growth and Development in Resource Constraint Environments

	9.6 New Tools for Complex Tasks
	9.6.1 Simulation Modelling of Growth and Development

	9.7 Future Strategy
	References

	Chapter 10: Coconut: Maladies and Remedies
	10.1 Introduction
	10.2 Fungal Diseases
	10.2.1 Bud Rot
	10.2.1.1 Geographic Distribution
	10.2.1.2 Symptoms
	10.2.1.3 Aetiology
	10.2.1.4 Epidemiology
	10.2.1.5 Dissemination of the Pathogen
	10.2.1.6 Disease Management

	10.2.2 Basal Stem Rot
	10.2.2.1 Symptoms
	10.2.2.2 Aetiology
	10.2.2.3 Disease Management.

	10.2.3 Stem Bleeding
	10.2.3.1 Aetiology
	10.2.3.2 Epidemiology
	10.2.3.3 Disease Management

	10.2.4 Leaf Rot
	10.2.4.1 Symptoms
	10.2.4.2 Aetiology
	10.2.4.3 Epidemiology
	10.2.4.4 Disease Management

	10.2.5 Leaf Blight
	10.2.5.1 Symptoms
	10.2.5.2 Aetiology
	10.2.5.3 Disease Management

	10.2.6 Lasiodiplodia Leaf Blight of Coconut
	10.2.6.1 Symptoms
	10.2.6.2 Aetiology


	10.3 Virus Disease
	10.3.1 Coconut Foliar Decay or Vanuatu Wilt
	10.3.1.1 Symptoms
	10.3.1.2 Aetiology
	10.3.1.3 Transmission
	10.3.1.4 Disease Management


	10.4 Viroid Diseases
	10.4.1 Coconut Cadang-Cadang Disease
	10.4.1.1 Symptoms
	10.4.1.2 Aetiology
	10.4.1.3 Epidemiology
	10.4.1.4 Disease Management


	10.5 Future Strategy
	References

	Chapter 11: Phytoplasmal Diseases
	11.1 Introduction
	11.2 Lethal Yellowing (LY) and Lethal Yellowing-Type Diseases (LYD)
	11.2.1 Occurrence, Distribution and Crop Loss
	11.2.2 Symptoms
	11.2.3 Aetiology
	11.2.4 Transmission
	11.2.5 Detection
	11.2.6 Disease Management

	11.3 Blast
	11.4 Root (Wilt) Disease
	11.4.1 Occurrence, Distribution and Crop Loss
	11.4.2 Symptoms
	11.4.3 Aetiology
	11.4.4 Transmission
	11.4.5 Diagnosis
	11.4.6 Breeding for Resistance
	11.4.7 Disease Management

	11.5 Tatipaka Disease
	11.5.1 Occurrence, Distribution and Crop Loss
	11.5.2 Symptoms
	11.5.3 Aetiology
	11.5.4 Disease Management

	11.6 Coconut Yellow Decline (CYD)
	11.6.1 Occurrence, Distribution and Crop Loss
	11.6.2 Symptoms
	11.6.3 Aetiology
	11.6.4 Detection

	11.7 Kalimantan Wilt
	11.7.1 Occurrence, Distribution and Crop Loss
	11.7.2 Symptoms
	11.7.3 Aetiology

	11.8 Weligama Coconut Leaf Wilt Diseases (WCLWD)
	11.8.1 Occurrence and Distribution
	11.8.2 Symptoms
	11.8.3 Aetiology
	11.8.4 Transmission
	11.8.5 Detection
	11.8.6 Management

	11.9 Future Strategy
	References

	Chapter 12: Pest Dynamics and Suppression Strategies
	12.1 Introduction
	12.2 Borers
	12.2.1 Asiatic Rhinoceros Beetle, Oryctes rhinoceros Linn. (Coleoptera: Scarabaeidae)
	12.2.1.1 Distribution
	12.2.1.2 Crop Loss
	12.2.1.3 Host Plants
	12.2.1.4 Taxonomy
	12.2.1.5 Symptoms
	12.2.1.6 Bioecology
	12.2.1.7 Integrated Pest Management
	12.2.1.8 Area-Wide Demonstration

	12.2.2 Red Palm Weevil, Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae)
	12.2.2.1 Distribution
	12.2.2.2 Crop Loss
	12.2.2.3 Host Plants
	12.2.2.4 Taxonomy
	12.2.2.5 Symptoms
	12.2.2.6 Bioecology
	12.2.2.7 Integrated Pest Management

	12.2.3 Nut Borer Cyclodes omma Van der Hoev (Noctuidae: Lepidoptera)

	12.3 Defoliators
	12.3.1 Coconut Black-Headed Caterpillar Opisina arenosella Walker (Lepidoptera: Oecophoridae)
	12.3.1.1 Distribution
	12.3.1.2 Symptoms
	12.3.1.3 Crop Loss
	12.3.1.4 Host Plants
	12.3.1.5 Bioecology
	12.3.1.6 Integrated Pest Management
	12.3.1.7 Field Performance of the Bioagents and Demonstration of IPM


	12.4 Sap Feeders
	12.4.1 Coconut Eriophyid Mite Aceria guerreronis Keifer (Acarina: Eriophyidae)
	12.4.1.1 Distribution
	12.4.1.2 Hosts
	12.4.1.3 Bionomics and Nature of Damage
	12.4.1.4 Population Dynamics
	12.4.1.5 Crop Loss
	12.4.1.6 Integrated Pest Management


	12.5 Subterranean Pests
	12.5.1 Coconut White Grub Leucopholis coneophora Burm. (Coleoptera: Scarabaeidae)
	12.5.1.1 Nature of Damage and Species Complex
	12.5.1.2 Host Range
	12.5.1.3 Bionomics
	12.5.1.4 Integrated Pest Management


	12.6 Mammalian Pests
	12.6.1 Rat (Rattus rattus)
	12.6.1.1 Distribution
	12.6.1.2 Management


	12.7 Emerging Pests
	12.7.1 Coreid Bug Paradasynus rostratus Dist. (Coreidae: Hemiptera)
	12.7.2 Slug Caterpillars
	12.7.2.1 Conthyla rotunda Hamp. (Limacodidae: Lepidoptera)
	12.7.2.2 Darna (Macroplectra) nararia Moore (Limacodidae: Lepidoptera)
	12.7.2.3 Parasa lepida (Cramer)

	12.7.3 Whiteflies
	12.7.3.1 Arecanut Whitefly Aleurocanthus arecae David (Aleyrodidae: Hemiptera)
	12.7.3.2 Spiralling Whitefly Aleurodicus dispersus Russell (Aleyrodidae: Hemiptera)
	12.7.3.3 Rugose Spiralling Whitefly Aleurodicus rugioperculatus (Aleyrodidae: Hemiptera)

	12.7.4 Mealybugs
	12.7.4.1 Species Diversity
	12.7.4.2 Management

	12.7.5 Scale Insects
	12.7.6 Aphids
	12.7.7 Ash Weevils

	12.8 Palm Nematodes
	12.8.1 Radopholus similis (Cobb, 1893) Thorne, 1949
	12.8.1.1 Occurrence and Distribution
	12.8.1.2 Nature and Symptoms of Damage
	12.8.1.3 Diagnostic Features
	12.8.1.4 Biotypes/Pathotypes
	12.8.1.5 Alternate Hosts
	12.8.1.6 Survival and Dispersal
	12.8.1.7 Nematode Management

	12.8.2 Red Ring Disease: Rhadinaphelenchus cocophilus (Cobb 1919) Goodey 1960
	12.8.2.1 Occurrence and Distribution
	12.8.2.2 Nature and Symptoms of Damage
	12.8.2.3 Biology
	12.8.2.4 Alternate Hosts
	12.8.2.5 Nematode Management

	12.8.3 Root-Knot Nematode: Meloidogyne incognita
	12.8.3.1 Nematode Management


	12.9 Potential Invasive Pests
	12.9.1 Impending Biosecurity Risks
	12.9.1.1 Brontispa longissima
	12.9.1.2 Wallacea jarawa (Chrysomelidae: Coleoptera)
	12.9.1.3 Aspidiotus rigidus (Diaspididae: Hemiptera)


	12.10 Pests of Stored Copra
	12.10.1 Ham Beetle: Necrobia rufipes De Geer (Coleoptera: Cleridae)
	12.10.2 Sawtoothed Grain Beetle: Oryzaephilus surinamensis Linn. (Coleoptera: Silvanidae)
	12.10.3 Almond Moth: Ephestia cautella Walk. (Lepidoptera: Phycitidae)
	12.10.4 Foreign Grain Beetle: Ahasverus advena Walt. (Coleoptera: Silvanidae)
	12.10.5 Cigarette Beetle: Lasioderma serricorne Fab. (Coleoptera: Anobiidae)
	12.10.6 Coffee Berry Borer: Araecerus fasciculatus De Geer (Coleoptera: Anthribidae)
	12.10.7 Red Flour Beetle: Tribolium castaneum H. (Coleoptera: Tenebrioniidae)
	12.10.8 Short-Winged Beetle: Carpophilus dimidiatus F. (Coleoptera: Nitidulidae)
	12.10.9 Black Larder Beetle: Dermestes ater De Geer (Coleoptera-Dermestidae)
	12.10.10 Management of Stored Pests

	12.11 Future Strategy
	References

	Chapter 13: Harvest and Postharvest Technology
	13.1 Introduction
	13.2 Devices and Gadgets for Plant Protection and Anti-buckling
	13.2.1 Telescopic Sprayer
	13.2.2 Anti-buckling Device

	13.3 Harvesting of Nuts
	13.3.1 Stage of Maturity of Nuts at Harvest
	13.3.2 Harvesting
	13.3.3 Methods of Harvesting
	13.3.4 Harvesting Gadgets
	13.3.4.1 Pole Harvesting
	13.3.4.2 Ultra-Lightweight Coconut Harvester
	13.3.4.3 Paddle–Type Device
	13.3.4.4 Tractor–Operated Multipurpose Hoist
	13.3.4.5 Aerial Access Hoist for Coconut Harvesting
	13.3.4.6 Self–Propelled Hydraulic Multipurpose System


	13.4 Processing Machineries
	13.4.1 Coconut Dehusking Machine
	13.4.1.1 Coconut Dehusking Tool
	13.4.1.2 Pedal–Operated Coconut Dehusker

	13.4.2 Coconut Splitting Device
	13.4.3 Copra Dryers
	13.4.3.1 Small Holders’ Copra Dryer
	13.4.3.2 Shell-Fired Copra Dryer
	13.4.3.3 Forced Circulation Copra Dryer
	13.4.3.4 Solar Tunnel Dryer
	13.4.3.5 Solar Cum Electrical Dryer with Agricultural Waste as Third Source of Energy

	13.4.4 Coconut Deshelling Machine
	13.4.5 Copra Moisture Meter
	13.4.6 Tender Coconut Punch and Cutter
	13.4.7 Snowball Tender Nut Machine
	13.4.8 Coconut Shell Removing Machine
	13.4.9 Coconut Testa Removing Machine
	13.4.10 Coconut Slicing Machines
	13.4.11 Coconut Chips Making Machine: Electrical
	13.4.12 Manually Operated Coconut Slicing Machine
	13.4.13 Coconut Chips Dryers
	13.4.14 Coconut Grating Machines
	13.4.15 Coconut Pulveriser
	13.4.16 Coconut Milk Extractors.
	13.4.16.1 Manually Operated Milk Expellers.
	13.4.16.2 Screw-Type Coconut Milk Expellers

	13.4.17 Virgin Coconut Oil Cookers
	13.4.17.1 Virgin Coconut Oil Cooker: LPG/Biogas
	13.4.17.2 Agricultural Waste Fired Virgin Coconut Oil Cooker


	13.5 Storage of Coconuts
	13.6 Food Products
	13.6.1 Products Derived from Wet Kernel
	13.6.1.1 Wet Kernel
	13.6.1.2 Sweet Coconut Chips
	13.6.1.3 Coconut Milk and Related Products

	13.6.2 Coconut Skim Milk and its Products
	13.6.2.1 Fermented Beverage Concentrate
	13.6.2.2 Vegetable Casein
	13.6.2.3 Low-Fat Coconut Jam
	13.6.2.4 Sweetened Condensed Milk
	13.6.2.5 Edible Coconut Flour


	13.7 Coconut Oil
	13.7.1 Extraction Methods of Coconut Oil from Copra
	13.7.2 Yield of Oil from Copra
	13.7.3 Ensuring the Quality of Oil
	13.7.3.1 Physical Properties of Coconut Oil
	13.7.3.2 Chemical Properties of Coconut Oil

	13.7.4 Uses of Coconut Oil
	13.7.4.1 Edible Uses
	13.7.4.2 Nonedible Uses

	13.7.5 Quality Standards for Coconut Oil
	13.7.6 Methods of Refining Coconut Oil
	13.7.7 Rancidity in Coconut Oil
	13.7.8 Coconut Cake

	13.8 Virgin Coconut Oil
	13.8.1 Krauss–Maffei CFTRI Process
	13.8.2 Texas A&M University Process
	13.8.3 The TPI Process

	13.9 Desiccated Coconut
	13.9.1 Processing of Desiccated Coconut
	13.9.2 Yield of Desiccated Coconut (DC)
	13.9.3 Composition

	13.10 Tender Coconut Water
	13.10.1 Mature Coconut Water Vs Tender Nut Water
	13.10.2 Products Derived from Tender Coconut
	13.10.2.1 Snowball Tender Coconut

	13.10.3 Products Derived from Mature Coconut Water (MCW)
	13.10.3.1 Bottled Coconut Water
	13.10.3.2 Coconut Water Concentrate
	13.10.3.3 Frozen Coconut Water
	13.10.3.4 Coconut Vinegar
	13.10.3.5 Coconut Honey from Coconut Water
	13.10.3.6 Nata De Coco
	13.10.3.7 Soft Drink
	13.10.3.8 Other Miscellaneous Uses


	13.11 Toddy
	13.11.1 Tapping Methods
	13.11.2 Yield of Toddy
	13.11.3 Kalparasa (Neera)
	13.11.4 Properties of Toddy
	13.11.5 Effect of Tapping on Yield of Nuts
	13.11.6 Products Derived from Toddy
	13.11.6.1 Jaggery
	13.11.6.2 Refined Sugar
	13.11.6.3 Vinegar from Coconut Toddy
	13.11.6.4 Treacle
	13.11.6.5 Arrack


	13.12 Other Food Products
	13.12.1 Haustorium
	13.12.2 Dry Kernel or Copra
	13.12.3 Edible Copra
	13.12.4 Ball Copra
	13.12.4.1 Preparation of Ball Copra by Heat Treatment
	13.12.4.2 Cup Copra

	13.12.5 Milling Copra
	13.12.5.1 Dehusking
	13.12.5.2 Copra Drying
	13.12.5.3 Quality of Copra


	13.13 Non-food Products
	13.13.1 Coconut Husk
	13.13.1.1 Coir Fibre
	13.13.1.2 Coir Pith and its Uses


	13.14 Coconut Shell
	13.14.1 Major Shell Products
	13.14.1.1 Coconut Shell Charcoal
	13.14.1.2 Activated Carbon
	13.14.1.3 Coconut Shell Flour
	13.14.1.4 Shell as an Energy Source
	13.14.1.5 Other Uses of Coconut Shell


	13.15 Miscellaneous Products of Coconut
	13.15.1 Coconut Wood
	13.15.1.1 Preservation of Coconut Timber


	13.16 Coconut Leaf
	13.17 Future Strategy
	References

	Chapter 14: Technology Transfer in Coconut-Global Scenario and Strategies
	14.1 Introduction
	14.2 Technology Generation System
	14.2.1 Multinational Research Organizations
	14.2.1.1 Asian and Pacific Coconut Community (APCC)
	14.2.1.2 International Coconut Genetic Resources Network (COGENT)
	14.2.1.3 Bureau for the Development of Research on Tropical Perennial Oil Crops (BUROTROP)

	14.2.2 WTO and Its Impact on Coconut Research Priorities
	14.2.3 National Level Coconut Research Institutes
	14.2.3.1 Coconut Research in India


	14.3 Developmental Programmes for Coconut
	14.3.1 Role of APCC
	14.3.2 Coconut Development in India
	14.3.3 Yield Gap
	14.3.4 Technology-Wise Adoption
	14.3.4.1 Varieties, Nursery Management and Planting
	14.3.4.2 Production System Management in Coconut
	14.3.4.3 Plant Protection in Coconut
	14.3.4.4 Postharvest Technologies
	14.3.4.5 Constraints in Improving Coconut Productivity


	14.4 Transfer of Technology Programmes
	14.4.1 Front-Line Extension Programmes of ICAR–CPCRI
	14.4.2 Conventional Extension Approaches
	14.4.3 Innovative Extension Approaches
	14.4.4 Paradigm Shift in Reaching Out to Stakeholders
	14.4.4.1 Community-Based Organizations
	14.4.4.2 Farmer Empowerment Programmes


	14.5 Developmental Agencies
	14.5.1 Coconut Development Board
	14.5.2 State Agriculture and Horticulture Departments
	14.5.3 District Level Agriculture Technology Management Agency (ATMA) Model
	14.5.4 State Agricultural/Horticultural Universities (SAUs)
	14.5.5 Krishi Vigyan Kendra (KVK)
	14.5.6 Directorate of Extension

	14.6 Transfer of Technology Programmes in Other Countries
	14.6.1 Indonesia
	14.6.2 Malaysia
	14.6.3 The Philippines
	14.6.4 Sri Lanka
	14.6.5 Thailand
	14.6.6 Vietnam
	14.6.7 Papua New Guinea

	14.7 Technology Utilization Pattern in Coconut Sector
	14.7.1 Successfully Adopted Technologies
	14.7.2 Unsuccessful Technologies
	14.7.3 Country-Wise Status of Adoption of Technologies
	14.7.3.1 Indonesia
	14.7.3.2 Malaysia
	14.7.3.3 Papua New Guinea
	14.7.3.4 The Philippines


	14.8 Strategies for Effective Transfer of Technology
	14.8.1 Farmers’ Participation in Research and Extension
	14.8.2 Need-Based Training Programmes
	14.8.3 Targeting the Extension Service
	14.8.4 Promoting Group Approach
	14.8.5 Producer-Driven Value Chain system
	14.8.6 Experiential Learning Through ‘Satellite Farms’
	14.8.7 On-Farm Adaptive Research Trials
	14.8.8 Participatory Demonstrations

	14.9 Future Strategy
	References

	Chapter 15: Nutrition and Health Aspects of Coconut
	15.1 Introduction
	15.2 Coconut Oil
	15.2.1 Composition of Coconut Oil
	15.2.2 Dietary Features of Coconut Oil
	15.2.3 Health Effects of Coconut Oil
	15.2.3.1 Coconut Oil and Heart Disease
	15.2.3.2 Therapeutic Properties of Virgin Coconut Oil
	15.2.3.3 Coconut Oil and Antimicrobial Property
	15.2.3.4 Other Beneficial Properties


	15.3 Tender Coconut Water (TCW)
	15.3.1 Chemical Constituents of Coconut Water
	15.3.2 Therapeutic Properties of Tender Coconut Water
	15.3.3 Health Effects of Mature Coconut Water

	15.4 Coconut Kernel
	15.4.1 Coconut Kernel Protein (CKP)
	15.4.2 Coconut Kernel Fibre

	15.5 Other Edible Coconut Products
	15.5.1 Coconut Haustorium
	15.5.2 Coconut Inflorescence
	15.5.2.1 Value-Added Products from Coconut Inflorescence


	15.6 Future Strategy
	References

	Chapter 16: Climate Change, Carbon Sequestration, and Coconut-Based Ecosystems
	16.1 Introduction
	16.2 Climate Change: The Language, Extent, Causes, and Consequences
	16.2.1 The Extent of Climate Change
	16.2.2 Causes of Climate Change: Greenhouse Gases
	16.2.3 Impacts of Climate Change
	16.2.4 Carbon Sequestration
	16.2.5 Climate-Change Mitigation and Adaptation

	16.3 Coconut-Based Ecosystems
	16.3.1 Characteristics and Distribution
	16.3.2 Common Land-Use Features of Coconut-Based Ecosystems
	16.3.3 Growth Habits of Coconut Palm in Relation to Multispecies Systems
	16.3.4 Integrated Animal and Fish Production Systems with Coconuts
	16.3.5 Ecosystem Services of Coconut-Based Systems

	16.4 Climate-Change Mitigation and Adaptation Strategies for Coconut-Based Ecosystems
	16.4.1 Impacts of Climatic Stresses and Projected Climate Change on Coconut Plantations
	16.4.2 Mitigation and Adaptation Strategies
	16.4.2.1 Carbon Sequestration
	16.4.2.2 Climate-Smart Agriculture


	16.5 Future Directions: Climate-Change M & A  and the Coconut-Based Ecosystems
	References

	Chapter 17: World Coconut Economy: Sectoral Issues, Markets and Trade
	17.1 Introduction
	17.2 Global Scenario
	17.2.1 Indonesia
	17.2.2 Philippines
	17.2.3 Sri Lanka
	17.2.4 Pacific Island Countries
	17.2.5 India
	17.2.5.1 Area and Productivity Effects
	17.2.5.2 Trade Aspects


	17.3 Global Competitiveness
	17.4 Price Analysis of Mandate Crops in Value Chain Perspective
	17.5 Policy Level Impediments
	17.6 Issues Related to Procurement and Marketing
	17.7 Empowerment Through Agribusiness
	17.8 Future Strategy
	References

	Index



